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Abstract 
 
 
The use of computed tomography (CT) has increased rapidly since the 1970s. CT is 
a high-dose imaging modality and poses relatively high stochastic and deterministic risks 
to patients. Paediatric patients are at particular risk due to their smaller body size and the 
higher radiation sensitivity of their developing organs. Radiographers can play an 
important role in the reduction of CT radiation dose in paediatric patients, but the literature 
suggests that radiographers lack understanding of CT radiation dose, and that protocols are 
rarely modified and updated for children. 
This study explores and describes Australian and Saudi Arabian paediatric CT 
radiographers’ knowledge about and attitudes towards CT radiation dose and intervention, 
and determines the impact of their knowledge and attitudes on protocol selection for 
paediatric CT scans. The project had three components: a paediatric CT radiographer 
survey; dosimetry measurements at hospitals; and in-depth interviews with radiographers. 
The survey findings indicate that Australian paediatric CT radiographers engage in 
more dose intervention activity than their Saudi Arabian counterparts, receive more initial 
training, have greater work experience and more continuing professional development 
(CPD). The knowledge and attitudes of radiographers toward CT dose do not strongly 
influence their knowledge and practice of CT imaging. Saudi Arabian radiographers were 
sceptical about the necessity of their CT referrals, unlike Australian radiographers. Both 
Australian and Saudi Arabian respondents mistakenly believed that the abdomen/pelvis 
region typically received higher CT doses than the head or chest regions.  
Dosimetry indicated that CT doses, using the CT departments’ 3-6-year-old 
protocols, varied considerably between hospitals (head doses – 137.6-528.0 mGy.cm, chest 
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doses – 21.9-92.5 mGy.cm, abdomen/pelvis doses – 24.9-118.0 mGy.cm). Mean head and 
abdomen/pelvis doses delivered in Saudi Arabian paediatric CT departments are 
significantly higher than in their Australian equivalents. 
In Australian paediatric CT departments quality assurance (QA) and machine 
servicing was performed regularly, whereas most Saudi interviewees reported that no QA 
was performed. Most Australian interviewees claimed that protocols were modified or 
updated from machine manufacturers’ defaults, but most Saudi respondents followed the 
manufacturers’ protocols. Dose intervention is practised in both Australian and Saudi 
Arabian CT departments, but formal policies are uncommon. Australian radiographers 
perceived chest and abdomen/pelvis doses as significantly lower (mean 25.7 mGycm and 
35.2 mGycm) than actual doses (mean 51.1 mGycm and 68.0 mGycm). There were no 
significant differences between Saudi Arabians’ perceived and actual doses. 
Radiographers’ knowledge and understanding of CT dose affect protocols and vary 
between Australian and Saudi Arabian paediatric hospitals. Australian and Saudi Arabian 
radiographers have strongly positive attitudes to dose reduction, uninhibited by their lack 
of knowledge. Australian paediatric CT radiographers have better levels of formal 
education and more frequent CPD, reflected in their greater willingness to modify CT 
protocols and alter them for individual cases. However, Australian radiographers suffer 
from the same misconceptions about paediatric CT dose as less-educated Saudi 
radiographers, reflecting their poor exposure to paediatric-specific CT within their formal 
training and CPD.  
Radiographers should be encouraged and financially supported in CPD and should 
modify and update CT protocols regularly. Efforts should be directed at improving the 
knowledge base of radiographers to minimise radiation exposure among paediatric 
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patients. To standardise and reduce dose for paediatric patients, diagnostic reference levels 
should be established for major anatomical regions that undergo CT.  
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Chapter 1: Introduction 
 
 
1.1 Background   
1.2 Rationale   
1.3 Research Questions   
1.4 Aims of Study   
1.5 Intended Study Outcomes   
1.5.1  Significance of the Study   
1.6 Outline of Thesis   
1.7 Summary  
 
1.1 Background 
 Computed tomography (CT) scanning is extensively and globally used by medical 
professionals in diagnostic radiology, primarily for the examination of human soft tissues 
(Buzug, 2008). CT scans produce cross-sectional images of the body, providing three-
dimensional views that facilitate the detailed examination of specific anatomical and 
pathological areas of concern (Buzug, 2008). CT is used in adult and paediatric patients 
and, in recent years, its use has increased dramatically (Australian Medicare, 2010). In 
particular, CT scans are widely used in the paediatric population due to short analysis time 
and ease of application to non-sedated, young, unwell and/or uncooperative patients 
(Donnelly et al., 2001; White, 1996). 
CT scanning delivers a dose of ionising radiation to the patient that is much greater 
than that received during scanning with other imaging modalities (McKenzie, Goergen, 
Revell & Walker, 2009; Morin, Sourtiz, Foley, Jacobsun & Begun, 2000). Many studies 
have been conducted around the world on the relative contribution of CT to the population 
dose from diagnostic radiology. All of these studies have shown that CT has become a 
significant contributor (Brenner, Elliston, Hall & Berdon, 2001; Jessen, Christensen, 
Jorgensen, Petersen & Sorensen, 1992; Maruyama et al., 1992; Olerud, 1997; Poletti, 1996; 
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Shrimpton, 2004; Shrimpton, Hart & Hillier, 1991; Shrimpton & Wall, 1995; Szendrö, 
Axelsson & Leitz, 1995; Van Unnik et al., 1997). However, ionising radiation has 
potentially harmful effects on living tissues, including deterministic effects, such as skin 
burns and cataracts, and stochastic effects, such as genetic defects (Brenner et al., 2003; 
Little, 2003; Preston et al., 2009). CT is thought to be responsible for between 100 and 570 
fatal cancers per year in Australia (Thomson & Tingey, 1997). 
CT use is rapidly increasing worldwide, with approximately 67 million scans 
conducted per year in the United States (US) alone (Mettler et al., 2009), with 6.5 per cent 
of these for paediatric patients (Land, Gilbert & Smith, 2003). This increasing trend in 
paediatric CT is a cause for concern, since paediatric patients are 2–3 times more radiation 
sensitive than adults and therefore more prone to develop cancer. This is caused by a 
combination of the rapid cell division in developing organs and the longer expected 
lifespan for paediatric patients (ICRP, 1991; UNSCEAR, 2000).  
It is evident from the literature that children, who have higher organ radio-
sensitivity, receive higher effective radiation doses from CT scans than adults or full-size 
patients (Feigal, 2002; Huda, 2002b; McLean, Malitz & Lewis, 2003; Muhogora et al., 
2006; Paterson, Frush & Donnelly, 2001). Moreover, standard adult examination protocols 
are not always modified to suit children, resulting in significantly higher doses than 
necessary (approximately two to six times greater) for an adequate level of image quality, 
which needlessly increases the risks of long-term damage such as carcinogenesis and 
genetic damage (Brenner, et al., 2001; Sternberg, 2001). It has been reported that the 
approximately 600,000 abdominal and head CT examinations undertaken annually in 
children under the age of 15 years in the US could result in 500 deaths from cancer 
attributable to CT radiation (Brenner et al., 2001). It is also reported that patients often 
have a poor concept of the radiation dose and risk associated with CT (Bulas, Goske, 
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Applegate & Wood, 2009a). The United States Food and Drug Administration (FDA) has 
recommended measures to protect children and small patients from unnecessary exposures 
to CT radiation, including optimising CT settings, reducing the number of multiple scans 
with contrast material and eliminating inappropriate referrals for CT (Feigal, 2002). 
Troublingly, a recent study in US found that one-third of paediatric CTs were unjustified 
(Slovis, 2002).  
In an attempt to reduce dose from CT scans, several investigators have 
recommended the use of the lowest possible radiation dose without compromising 
diagnostic accuracy (Donnelly et al., 2001; Semelka, Armao, Elias & Huda, 2007). 
However, this recommendation is not always followed in practical settings for various 
reasons, such as lack of uniform protocols and the differing levels of knowledge and 
training of personnel involved in paediatric ionising radiation doses. Therefore, education 
and training of radiographers involved in paediatric CT is vital for ensuring the best 
radiological protection of the patient while preserving the necessary diagnostic information 
(IAEA, 2002).  
Despite this identified need, continuing professional development (CPD) is not 
always pursued among medical radiation practitioners (Halkett & Scutter, 2003; Sim, 
2000), with many being reluctant to perform CPD in their own time (Henwood, Yielder & 
Flinton, 2004). In addition to encouraging CPD among radiographers, it is important to 
review and update CT protocols regularly to follow the As Low as Reasonably Achievable 
(ALARA) principle. This is in accordance with studies that have found that CT radiation 
dose levels can be reduced by careful consideration of the scan protocol parameters 
(McLean et al., 2003; Moss & McLean, 2006).  
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1.2 Rationale 
No published research exists on the impact of radiographers’ attitudes and 
knowledge about CT radiation dose on paediatric CT examinations. Since radiographers 
are the health care personnel most closely involved in the delivery of CT doses, they play a 
very important role in the prevention of undue radiation exposure in the paediatric 
population. Radiographers should be given opportunities to intervene in the decisions made 
by clinicians and radiologists, to develop and implement approved CT protocols to 
minimise dose to paediatric patients.  
The research described in this thesis was designed to address the lack of evidence 
about paediatric CT dose in Australian and Saudi Arabian public paediatric hospitals. The 
expected benefit is to reduce the impact on the paediatric population of exposure to high 
radiation doses and the resultant carcinogenesis and genetic effects.  
 
1.3 Research Questions 
Main Research Question.  
Does Saudi Arabian and Australian radiographers’ knowledge and attitude 
of CT dose affect the selection of clinical paediatric CT protocols? 
Question 1.  
What are the current CT scan protocols used in public paediatric hospitals in 
Australia and Saudi Arabia?  
To investigate the differences in CT protocols across paediatric hospitals, it is necessary to 
evaluate the comparative radiation doses. 
Question 2.  
What are the attitudes and levels of knowledge of radiographers about CT 
dose in paediatric imaging?  
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Answering this question will provide insight into the perceived importance of CT radiation 
dose and radiographers’ abilities to select the appropriate CT protocol for differing age 
groups. It will also identify any knowledge gaps regarding radiation dose that need to be 
addressed. 
Question 3.  
What patient radiation doses are being delivered in CT imaging in public 
paediatric hospitals in Australia and Saudi Arabia?  
This will establish the typical radiation dose for the paediatric hospitals in both 
countries. This will allow us to compare and contrast the radiation dose by using 
their protocols. 
 
1.4 Aims of Study 
This study aims to:  
1. Investigate current paediatric CT scan protocols in Australian and Saudi 
Arabian public paediatric hospitals.  
2. Evaluate Australian and Saudi Arabian paediatric CT radiographers’ knowledge 
of the radiation dose delivered by a range of paediatric CT scan protocols.  
3. Investigate radiographers’ attitudes toward paediatric CT dose. 
4. Measure actual paediatric CT scan radiation doses given in Australian and 
Saudi Arabian public paediatric hospitals. 
5. Interview Australian and Saudi Arabian paediatric CT radiographers to contrast 
their knowledge and attitudes about CT radiation dose and intervention with 
measured doses and current evidence-based best practice. 
6. Identify the potential barriers to lowering paediatric CT dose. 
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1.5 Intended Study Outcomes 
By addressing the research questions and aims listed above, this study intends to: 
• Make a significant contribution to the body of knowledge in the clinical field of 
CT by increasing understanding of how radiographers’ attitude and knowledge 
towards CT dose influences clinical practice. 
• Use the comparative data from Australian and Saudi Arabian paediatric CT 
radiographers to improve clinical practice in both countries.  
1.5.1 Significance of the study. 
This study has the potential to:  
• Increase radiographers’ understanding of radiation dose in paediatric CT scans;  
• Facilitate the reduction of radiation doses given in paediatric CT scans; and 
• Reduce the harmful effects of radiation exposure on paediatric CT patient. 
 
1.6 Outline of Thesis 
• Chapter 1 introduces the thesis by providing the reader with background to the 
topic. The aims and scope of the research are stated, along with the rationale, 
research questions and intended outcomes. 
• Chapter 2 contains the literature review. Relevant previous research is 
presented and discussed and the gaps in the research to date are identified.  
• Chapter 3 outlines the methodology of the survey. This is linked to the research 
aims contained in Chapter 1 and the gaps identified in Chapter 2. 
• Chapter 4 describes the outcomes of the survey of Australian and Saudi Arabian 
paediatric CT radiographers’ knowledge and attitudes toward paediatric CT 
radiation dose. 
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• Chapter 5 presents a literature review and a background of the dosimetry 
studies conducted in this research.  
• Chapter 6 presents the results of the radiation dosimetry measurements 
conducted at public paediatric hospitals surveyed in this study. These radiation 
dosimetry results were used in the interviews to establish interviewees’ 
perception of their hospital dosimetry rankings among their peers. 
• Chapter 7 presents a literature review and a background of the interviews 
conducted in this research.  
• Chapter 8 presents the results of the in-depth interview with Australian and 
Saudi Arabian paediatric CT radiographers. It focuses on their knowledge and 
attitude toward paediatric CT dose and the associated risk to paediatric patients.  
• Chapter 9 presents the discussion of the results presented in this thesis in 
relation to the original aims of the study and addresses the research questions. 
• Chapter 10 contains a discussion of the empirical findings within the context of 
the scientific literature reviewed in Chapter 2. The limitations of the research 
are presented, followed by the conclusions and prospective directions for future 
research.  
 
1.7 Summary 
This chapter has presented a background of the research area and has highlighted 
the need for undertaking this research. The major research problem and gap were identified 
and the research’s aims, research questions and intended study outcomes were introduced. 
Chapter 2 presents an in-depth discussion of the research problem within the context of the 
existing relevant literature. 
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Chapter 2: Literature Review on CT scanners and Pediatric CT scan 
dose 
 
 
2.1  Introduction 
2.1.1  Historical Development of CT 
2.1.2  Principles of CT 
2.1.3  Earlier Generations of CT Scanners 
2.1.5  Use of CT Worldwide 
2.1.6  Growth in Use of CT Scanning 
2.1.7  Reasons for Growth in CT 
2.2  CT Versus Other Imaging Modalities 
2.2.1  CT’s Advantages 
2.2.2  CT’s Disadvantages 
2.3  Paediatric CT 
2.4  Radiation Bioeffects 
2.4.1  Deterministic Effects 
2.4.2  Stochastic Effects 
2.4.3  Stochastic Effects in Children 
2.5  CT Radiation Dose Awareness 
2.5.1  Awareness of Dose Among Patients and Staff 
2.5.2  Awareness of ALARA 
2.5.3  Computed Tomography Protocol Optimization 
2.6  Addressing Radiation Exposure In Paediatric CT 
2.6.1  Regulations 
2.6.2  Previous Research on Reducing Radiation Dose 
2.6.3  The Need For Diagnostic Reference Levels 
2.6.4  Undergraduate Education of Radiology Staff 
2.6.5  Continuing Professional Development For Radiographers 
2.7  Summary 
 
2.1 Introduction 
CT is used extensively in diagnostic radiology, primarily for its rendition of soft 
tissue. CT scans use a series of two-dimensional (2D) x-ray images around a common axis 
to produce cross-sectional or volumetric images of the scanned region. This generates 
three-dimensional views that facilitate detailed examination of specific anatomical and 
pathological areas of concern.  
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2.1.1 Historical development of computed tomography. 
Wilhelm Roentgen discovered x-ray radiation in 1895, enabling physicians to see 
inside the living body. Planar x-rays quickly became a standard diagnostic tool (Spiegel, 
1995). The disadvantage of plain film radiography is that it generates 2D images of the 
three-dimensional (3D) body, and that it generally has poor resolution of low-contrast 
images. This problem was solved by Godfrey Hounsfield, whose prototype CT head 
scanner (Ariyo, Khan & Thomas, 1970) had greater low-contrast resolution than a planar 
x-ray and provided 3D data. In September 1971, the first CT scan was performed on a 41-
year-old patient with a suspected frontal lobe tumour (Thomas, Banerjee & Busch, 2005). 
2.1.2 Principles of computed tomography. 
The CT scanner uses an x-ray source to give precise information on the attenuation 
properties of a thin sectional volume of the body (Hendee & Ritnour, 2002; Kalender, 
2000; Seeram, 2009). The basic elements of the CT scanner are the x-ray tube, the detector 
or detector array, the image processing system and the image display system. The x-ray 
tube rotates around the patient while emitting a tightly collimated x-ray radiation photon 
beam. The beam is attenuated by the patient and strikes the detectors, which convert the 
photon intensity into a digital signal. Multiple profiles of patient attenuation are collected 
along lines or paths of known locations and integrated by the processing system (Seeram, 
2000). An image is created from the attenuation data via a reconstruction algorithm. The 
algorithms developed for CT image reconstruction are many, but can be divided into 
iterative and analytic methods (Seeram, 2006). 
The changes in the fundamental structure of CT tubes and detectors are denoted as 
generations (Berland, 1987). The first CT generation was introduced in 1972; 2011 models 
are denoted as seventh generation, with each generation improving acquisition time and 
image quality. 
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2.1.3 Earlier generations of computed tomography scanners. 
The first-generation scanner is defined by parallel beam geometry and a rotating 
scanning motion (Seeram, 2001). It used a single collimation x-ray beam and only one or 
two detectors to collect transmission readings through the patient. This first-generation 
scanner took 4.5 to 5.5 minutes to perform a head CT scan. The major limitations of this 
generation were motion artefacts caused by the patient and poor image quality (Seeram, 
2001).  
The second-generation scanner structure was based on a small fan beam geometry 
and the same translate-rotate principle as first-generation scanners but across larger 
increments. The process is repeated for 180 degrees and is referred to as ‘rectilinear 
multiple pencil beam scanning’ (Seeram, 2001, 2009). The larger scan motion and 
increasing detector numbers reduce the scanning time to between 20 seconds and 3.5 
minutes (Seeram, 2009). Both first- and second-generation scanners were considered 
obsolete a decade ago (Hendee & Ritenour, 2002).  
Third-generation CT scanners use a ‘rotate-rotate’ configuration based on fan beam 
geometry with complete rotation of both x-ray tube and detectors around the patient (360° 
per slice) (Seeram, 2009). The x-ray tube is coupled to a curved detector array and, unlike 
the first- and second-generation scanners, has an arc of about 30° to 40° from the apex of 
the fan located at the x-ray tube. The minimum scan time is one to four seconds (Seeram, 
2009). 
The fourth-generation scanners decoupled the x-ray tube from the detectors and 
featured a stationary 360° ring of between 300 and 4,000 detectors. The scan time ranges 
from two to eight seconds (Seeram, 2001). 
Fifth-generation scanners, including the electronic beam CT scanner (EBCT) and 
the dynamic spatial reconstructor (DSR), are classified as ‘high-speed’ since they can 
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acquire scan data in the order of milliseconds. In the EBCT scanner, the data acquisition 
geometry is a fan beam of x-rays produced by a beam of electrons that scans several 
stationary tungsten target rings. This technology is used to take cardiac CT images and is 
distributed under the name ‘Evolution’ by Seimens (McCollough, 1995; Seeram, 2009). 
2.1.4 Modern computed tomography scanners. 
Modern-day CT scanners fall into two categories: 1) scanners defined by the helical 
or spiral single-detector mechanism and 2) increased density of multi-slice detectors 
2.1.4.1 Multi-slice CT scanners. 
Multi-slice CT scanners include more than one ring of detectors. The number of 
slices has increased with time, with up to 320 slices per revolution currently being offered. 
This structure employs a ‘step and shoot’ approach to data acquisition. With a thick 
enough ring of detectors, it is possible to cover the entire heart within a single revolution. 
With greater than 16 slices per revolution, the x-ray tube no longer produces a beam, but 
rather a cone (Seeram, 2009).  
The need for faster CT scan times led to the development of scanners using spiral-
helical geometry (also known as continuous rotation scanners, or volume scanners). The 
process differs from multi-slice image acquisition in that data are collected in volumes 
rather than individual slices. This geometry relies on slip-ring technology, which allows 
continuous rotation of the gantry. The terms ‘spiral geometry’ (Siemens) and ‘helical 
geometry’ (Toshiba) describe the path traced by the x-ray tube, or fan beam, during the 
scanning process (Seeram, 2009). The single-slice CT has the advantage that a patient can 
hold their breath for the duration of the whole CT scan, which minimises patient 
movement (Bushberg, 2002). 
2.1.4.2 The dual source CT scanner. 
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The quest for better spatial and temporal resolution has led to the development of 
the dual source CT scanner (DSCT). The DSCT relies on two x-ray tubes located at right 
angles from each other, coupled with their opposite detectors. As the detectors rotate 
together, a rotation of only 90 degrees is needed to collect the information for which a 
single-source scanner needed a 180-degree rotation to detect. This technological 
advancement provides the excellent temporal resolution needed to image the heart by 
reducing the effective gantry rotation time by 50 per cent (Cody & Mahesh, 2007).  
2.1.4.3 Seventh generation scanners: Flat panel CT scanners. 
The current development of new CT technology looks to use the advances of digital 
radiography detector arrays to improve the spatial resolution of the CT image. Unlike the 
sixth generation of CT scanners—which take a continuous one-dimensional reading—the 
seventh generation relies on flat panel detectors, similar to those used in current digital 
radiography, to collect a series of two-dimensional images. The detector consists of an 
array of thin-film transistors mounted with a caesium iodide scintillator (Seeram, 2009). 
Due to its capacity to take large volumes of data at one time, it is also known as Volume 
CT (Gupta et al., 2008). At the time of writing, this technology had yet to be commercially 
produced. A concern about this technology is the inferior contrast resolution compared to 
current CT, which would require a higher dose and a longer scan time (Gupta et al., 2008). 
2.1.5 Use of computed tomography worldwide. 
The use of CT has increased rapidly since the technology’s inception in the 1970s 
(Brenner & Hall, 2007). Approximately 62 million CT examinations were performed in 
2006, with an estimated 4 million of those being on children (Goske, et al., 2008; What’s 
NEXT, 2006). Japan, the US and Australia lead the world in the number of CT scanners, 
with 64, 26 and 18 scanners per million citizens, respectively (UNSCEAR, 2000a). It is 
estimated that over 10,000 CT units are in operation in the US, and that approximately 7 
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million CT scans were performed on American children in 2007. CT is an ionising 
radiation dose-heavy imaging option, comprising only 11 per cent of US radiological 
procedures, yet accounting for 70 per cent of the diagnostic imaging-related radiation dose 
(Smith-Bindman, Miglioretti & Larson, 2008). Likewise, in Australia, it is estimated that 
CT scans account for 65 per cent of the population’s medical radiation exposure (Wise & 
Thomson, 2004). 
2.1.6 Growth in use of computed tomography scanning. 
In the decade between 1990 and 2000, CT use in the US increased from 13 million 
scans per annum to 46 million (Brenner & Hall, 2007). In Europe, similar trends were 
seen, with CT accounting for 4 per cent of all radiological procedures in Germany in 1994, 
and 8 per cent in 2007 (Heyer, Lemburg & Peters, 2010). A Swiss survey recorded a 70 per 
cent increase in CT examination in 2003 (Aroua, Trueb & Vader, 2007) and, in Norway, 
CT examinations have increased 120 per cent over a decade (Brّretzen, Lysdahl & Olerud, 
2007). Broder, Fordham and Warshauer (2007) reviewed 4,138 CT scans ordered in US 
paediatric emergency departments between 2000 and 2006. While triage acuity and patient 
volume remained essentially stable, the number of head CT scans increased by 23 per cent 
from 2000 to 2006. Similarly, the number of cervical spin, chest, abdominal and 
miscellaneous CT scans increased by 366 per cent, 435 per cent, 49 per cent and 96 per 
cent, respectively, over the same period (Broder et al., 2007). It has been estimated that the 
amount of radiation from clinical imaging examination experienced by the US public has 
increased almost 600 percent in the past two decades (Rabin, 2007).  
In Australia, the number of CT scans is reportedly growing at about 12 per cent 
each year (Cancer Council, 2010). An estimated 13.5 million radiological procedures were 
undertaken across Australia in 2006, including 2.4 million CT scans (Australian Medicare, 
2010). With this increasing popularity comes increasing media coverage of the dangers of 
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CT radiation exposure. This has reminded the radiology community that doses must be as 
low as reasonably achievable (Slovis, 2002) while still accomplishing diagnostically useful 
imaging (McCollough, Primak, Braun, Kofler & Christner, 2009). 
2.1.7 Reasons for growth in computed tomography. 
In Australia, between 1996 and 2010, total CT scan numbers increased 2.8-fold 
(Medicare Australia, 2010). This rise in the use of CT imaging is related to the advanced 
and reliable techniques in diagnostic radiology, which were not available in the past. For 
example, there has been a large decrease in the time needed to perform a scan, and CT has 
come to offer better resolution than other imaging modalities. CT is now a standard 
diagnostic tool for paediatric cancer detection, trauma, renal calculi, appendicitis and heart 
conditions. Patient-generated demand, medical insurance coverage, physicians’ fear of 
medical malpractice lawsuits and the desire to monitor clinical progress, especially in 
cancer patients, have also increased the demand for CT imaging. CT has reduced the 
failure rate of laparotomy from 18 per cent in 1997 to less than 5 per cent currently, and 
has also decreased the cost related to number of inpatient days per patient (Callahan, 
Rodriguez & Taylor, 2002). In certain instances, it has also obviated the need for 
exploratory surgeries (Callahan et al., 2002). 
 
2.2 Computed Tomography versus Other Imaging Modalities  
2.2.1 Computed tomography’s advantages. 
The traditional planar x-ray only allows visual outlines of bones and organs. CT is 
a substantially advanced technology, as it allows physicians to examine the body, bones 
and organs one narrow ‘slice’ at a time (Imaginis, 2007). However, there are other non-
radiological methodologies that can obtain comparable diagnostic information, particularly 
ultrasound or magnetic resonance imaging (MRI). Ultrasound is very useful in paediatrics, 
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since image quality and resolution improve with a smaller patient size. However, it cannot 
be used on areas composed mainly of bone or containing air gaps (such as the trachea and 
lungs). MRI uses magnetic fields and radio waves to create a set of 2D slices of the body, 
and thus does not involve ionising radiation. However, MRI use in children is constrained 
by the fact that patients need to remain absolutely still for a prolonged period because even 
small amounts of motion will degrade the image quality. Younger children often require 
sedation before an MRI scan, which necessitates specialised equipment and staff that may 
not be accessible for all imaging centres. Further, faster MRI scanning is required to reduce 
blur from patient motion, although coaching and distraction techniques can also help 
obtain a quality image (Beebe et al., 2000).  
CT has greater contrast differentiation than planar x-rays, angiography, ultrasound, 
fluoroscopy and mammography, which gives it a clear advantage as an imaging modality. 
Further, many medical conditions, such as vascular diseases, are well suited to diagnosis 
by CT (Seeram, 2009). 
2.2.2 Computed tomography’s disadvantages. 
Although CT offers valuable diagnostic information, it is a high radiation dose 
imaging modality and poses relatively high risks to patients. The risks of ionising radiation 
are regularly reviewed by several national and international bodies, such as the 
International Commission on Radiological Protection (ICRP), the United Nations 
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the Health 
Protection Agency and the National Council on Radiation Protection and Measurment 
(NCRPM). The consensus among these governing bodies is that for doses <100mSv, the 
risk of cancer induction is a linear function of the absorbed dose with no minimum safe 
threshold (ICRP, 2007; UNSCEAR, 2000).  
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Organ doses from CT examinations are considerably larger than those from the 
corresponding planar x-ray radiograph, typically over 100 times greater. For example, 
typical doses to the lung from a conventional chest x-ray range from about 0.01 mGy to 
0.15 mGy, whereas a typical dose to an organ examined with CT is around 10 mGy to 20 
mGy and can be as high as 80mGy for 64-slice CT coronary angiography (Hall & Brenner, 
2008). A planar anterior–posterior abdominal x-ray examination results in a dose to the 
stomach of approximately 0.25 mGy, which is only 2 per cent of the corresponding dose 
from an abdominal CT scan (White, 1996). Similarly, a CT scan of the chest delivers 100 
times the radiation of a conventional chest x-ray (Feigal, 2002). Although CT examinations 
make up 5–11 per cent of all radiological examinations in the US, they contribute an 
estimated 40–70 per cent of the resultant collective dose derived from diagnostic radiology 
(Frush, Donnelly & Rosen, 2003; Mettler, Wiest, Locken & Kelsey, 2000). Moreover, 
many CT procedures involve multiple scans, with 30 per cent of patients scanned three 
times, 7 per cent of patients scanned five times and 4 per cent scanned nine times or more 
(Mettler et al., 2000). This increases the radiation exposure of the general population, and 
is a cause of growing concern (Brenner & Hall, 2007). 
 
2.3 Paediatric Computed Tomography 
Children are increasingly being referred for CT examinations due to their speed, 
accuracy, versatility and availability. This has been particularly true since the advent of 
fast helical scanning, which removes the need for sedation to keep children still, thereby 
permitting scans of younger or less cooperative children (Donnelly et al., 2001). 
Approximately 33 per cent of all paediatric CT examinations are in children aged 10 or 
younger, with 17 per cent in children five or younger (Lam, 2006). As noted earlier, at 
these ages the organs and tissues are intrinsically more sensitive to the oncogenic effects of 
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radiation, due to the high proportion of cells that are dividing and reproducing (ACR, 
2001; Frush et al., 2003; Wakeford, 2004). The ICRP estimates that children are 2–3 times 
as radiosensitive as adults, due to the effect of cell division in developing organs and the 
longer expected lifetime for developing tumours (ICRP, 1991; UNSCEAR, 2000). The 
radiation-induced risk is also higher in paediatric patients due to wider and increased 
cellular distribution of red bone marrow, and their greater post-exposure life expectancy 
(Pierce, Shimizu, Preseton, Vaeth & Mabuchi, 1996; Preston, Shimizu, Pierce, Suyama & 
Mabuchi, 2003). With this heightened radio-sensitivity now well documented, campaigns 
have begun to better inform radiographers about the importance of limiting the imaging 
dose to paediatric patients (Chodick et al., 2009). In 2000, the European Commision (EC) 
published its recommendations for reducing paediatric CT dose (Bongartz, Golding, Jurik 
& Leonardi, 1999; Shrimpton & Wall, 2000). The FDA has issued similar 
recommendations (Feigal, 2002). 
While the use of CT for paediatric cases has increased, standard adult examination 
protocols, the set of parameters used by the scanner, are not always modified to suit 
children. The result is children being given significantly higher doses than necessary 
(approximately two to six times greater) for an adequate level of image quality (Brenner et 
al., 2001; Sternberg, 2001). As children are inherently more sensitive to the effects of 
ionising radiation than adults, there is a pressing need to optimise CT protocols for these 
especially vulnerable patients. 
 
2.4 Ionising Radiation Bioeffects 
It is important for radiographers and radiologists to understand how the CT dose 
relates to the ionising radiation bioeffects. The effects of radiation on cells and organs can 
be divided into deterministic and stochastic effects.  
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2.4.1 Deterministic effects. 
The deterministic risk is a function of radiation dose delivered to an organ or body 
region. Deterministic effects of radiation occur above an organ-specific threshold dose, 
which is the dose level at which cells are killed and degeneration of tissues occurs, with 
higher doses promoting more severe deterministic effects (Land et al., 2003; UNSCEAR, 
2006). These are rarely seen in diagnostic radiology, but may become a problem with 
angiographic procedures, including CT fluoroscopy (Keat, 2001).  
Deterministic effects range from minor ailments, such as skin erythema and 
epilation or hair loss, to more serious ailments, such as pericarditis, decreased fertility and 
cataracts. Temporary hair loss has recently been reported in patients undergoing 
multidetector row CT brain perfusion studies in combination with digital subtraction 
angiography, including paediatrics (Frush et al., 2003; Imanishi et al., 2005). For any 
single CT procedure, absorbed organ doses are generally lower than the threshold for onset 
of deterministic effects (Huda & Vance, 2007). However, a patient who undertakes several 
examinations may reach the threshold dose quickly for certain deterministic effects; for 
example, the threshold dose for cataracts is approximately 2Gy (Wagner, Eifel & Geise, 
1994).  
Radiation damages human tissues because the passage of ionising radiation (x-rays) 
through a cell results in the ionisation of atoms, creating free electrons. These free 
electrons may directly interact with cellular Dioxyrebose Nucleic Acid (DNA) to produce 
breaks in the double helix, or the electrons may first combine with other molecules to 
produce free radicals that, in turn, damage the DNA (Hall, 1991). The cell’s defence 
mechanisms against this damage include free radical scavengers and antioxidants, DNA 
repair mechanisms and apoptosis (Tubiana, Feinendegen, Yang & Kaminski, 2009). 
Failure of the cellular repair mechanism may result in cell death or loss of replicative 
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ability. Some mutated cells may survive later to cause cancers in somatic cells or 
inheritable, genetic mutations in germ cells (Little, 2003). On the visible scale, cell death 
may manifest as deterministic effects such as skin burns or cataracts (Little, 2003). 
Radiation doses associated with most diagnostic imaging procedures are insufficient to 
produce deterministic effects, but genetic mutations may lead to stochastic effects, such as 
cancers or inheritable genetic defects. These effects do not have threshold doses; instead, 
the probability of a stochastic effect increases directly with increasing dose (ACR, 2009). 
2.4.2 Stochastic effects. 
Stochastic effects are dependent upon a complex series of events, including cell 
transformation. Stochastic effects may appear as a cancer in the patient, or as genetic 
abnormalities in their children. The probability of seeing stochastic effects increases with 
the absorbed radiation, but the severity of the effect is independent of the dose of radiation 
received (Imanishi et al., 2005).  
Unlike deterministic effects, threshold doses do not exist for stochastic effects. 
When predicting the risk of exposure during radiological procedures, the radiation risk 
model favoured by radiologists is the linear no threshold (LNT) dose response model 
(Bushong, 2008). Stochastic effects can be calculated as a net increase in occurrence rates 
per million patients; for example, neck CT scans have been estimated to increase the 
occurrence of thyroid cancer by 390 per million (Mazonakis, Tzedakis, Damilakis & 
Gourtsoyiannis, 2007; NRCNA, 2006). The increase in stochastic risk due to CT exposure 
has been quantified by comparison to atomic bomb survivors. Several studies have used 
this approach to approximate the association between overall dose and increase in cancer 
risk. According to a 2004 study by Hart and Wall, atomic bomb survivors who received 
doses above 30mSv (equivalent to two or three CT scans) suffered a statistically significant 
increase in cancer mortality compared to a control group (Brenner et al., 2003; Preston et 
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al., 2009). It has been suggested that between 0.4 per cent and 2 per cent of all current 
cancers in the US may have been caused by CT use (Brenner & Hall, 2007). 
2.4.3 Stochastic effects in children. 
The statistical data from Japanese cities exposed to atomic radiation show that 
exposed children are at far higher risk than adults of developing cancer (Krestinina et al., 
2005). Children are particularly vulnerable to the stochastic effects of CT. As they are 
more susceptible to the oncogenic effects of radiation than are adults, they are at relatively 
high risk of developing acute leukaemia and hereditary and solid cancers (NRCNA, 2006, 
p. 267; Wakeford, 2004). As paediatric patients have a higher probability for late radiation 
effects, they are assumed to be 2–3 times more radiation sensitive than adults. This is 
because their longer expected life span combines with the higher radiation sensitivity of 
their developing organs (ICRP, 1991; Smans et al., 2008). For example, the potential 
impact of a single 15 mSv CT examination on an adult—equivalent to 500 standard chest 
x-rays—is only half that of the same examination on a child (Brenner et al., 2003). One 
study estimated that CT scanning was associated with 9.5 premature deaths from cancer 
per year (Chodick, 2007). Another recent study concluded that children received the 
highest effective dose from head CT scans (King et al., 2009). 
The lifetime risk of cancer from diagnostic CT is greater in children than in adults 
(Lee & Forman, 2008). The National Cancer Institute and the Society of Paediatric 
Radiology estimated the risk of dying from cancer to be one in 550 following abdominal 
CT and one in 1,500 for a brain CT performed in infancy, approximately 0.35 per cent 
more cancer deaths than in the general population. These figures were calculated on the 
assumption that children were being imaged using adult CT parameters; the risk would be 
lower if specific paediatric CT protocols were uniformly adopted. Although the increased 
risk of cancer is small for each individual scanned, the impact on public health is 
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substantial due to the increasingly large number of CT examinations being performed 
(National Cancer Institute, 2005).  
 
2.5 CT Radiation Dose Awareness 
Radiographers and radiation therapists possess specialised knowledge and skills. 
The Australian Institute of Radiography (AIR), which is the official professional 
organisation representing radiographers and radiation therapists in Australia, has a Code of 
Practice that governs the professional conduct of radiographers, radiation therapists and 
sonographers. The welfare and safety of patients is paramount in the Code of Practice 
(AIR, 2003) and a sound understanding of CT dosimetry is essential for a radiographer 
conducting dose measurement in the absence of a physician (Seeram, 2009, p. 224). 
Despite this, research shows that CT dose awareness among professionals in the field is 
relatively low (Bulas et al., 2009a). 
2.5.1 Awareness of dose among patients and staff. 
Most hospital protocols involve explanation of CT radiation risks to the patient or 
their carer. However, patients, carers and parents still lack understanding of these risks 
(Bulas et al., 2009a). Unfortunately, physicians themselves are often no more informed 
than their patients with regards to CT examination dose (Renston, Connors Jr & Dimarco, 
1996). In their 2004 paper, Lee, Haims, Monico, Brink and Forman (2004) showed that all 
patients and more than 70 per cent of physicians underestimated the dose from one 
abdominal CT examination. They also reported that radiologists were unable to provide 
accurate estimates of CT doses regardless of their level of experience. Further, a 2003 
survey of doctors of all grades, including consultant radiologists, indicated that only 2 per 
cent of participants could successfully estimate the relative doses of common diagnostic 
procedures; the degree of knowledge was inversely proportional to seniority, with 
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consultants scoring less than their junior colleagues (Shiralkar et al., 2003). It was revealed 
in a 2004 survey that 53 per cent of radiologists and 91 per cent of Emergency Room 
physicians surveyed did not believe that CT scans increased the lifetime risk of cancer (Lee 
et al., 2004). Similarly, Rice, Frush, Harker, Farmer and Waldhausen (2007) reported that 
more than 75 per cent of the paediatric surgeons who responded to their survey 
underestimated the dose from a CT scan compared to a chest x-ray, while only 54 per cent 
believed that the dose received by one abdominal CT scan increased the lifetime risk of 
cancer.  
2.5.2 Awareness of ALARA. 
Paediatric patients are at heightened risk from exposure to ionising radiation. 
Therefore, the ALARA priniple is especially important in paediatric radiography 
(Kiljunen, Tietavainen, Parvianinen, Viitala & Kortesniemi, 2009). Thomas et al. (2006) 
found that only 15 per cent of paediatricians were familiar with the ALARA principle, and 
only one-third (35 per cent) of respondents recalled any specific teaching regarding 
radiation doses in medical imaging. Moreover, 87 per cent of paediatricians 
underestimated the radiation dose of various paediatric radiological investigations, and 94 
per cent of CT estimations were underestimates. In 2010, a survey by Heyer, Hansmann, 
Peters and Lemburg (2010) asked paediatricians to estimate effective dose of radiographs 
and CT, questioned them regarding the ALARA principle and asked about their awareness 
of the link between ionising radiation and cancer development. Only 4 per cent correctly 
estimated the potential of paediatric CT protocols, and only 15 per cent were familiar with 
the ALARA principle.  
A 2007 study by Paterson and Frush concluded that radiologists must be aware of 
the sensitivitiy of children to ionising radiation and practise the ALARA principle since 
there is a higher likelihood of developing a radiation-induced cancer in a paediatric patient. 
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Likewise, a 2008 study by Kubo recommended that radiographers should be familiar with 
methods for reducing the radiation dose for all patients, paediatric or adult. A recent 
working group for the European Medical ALARA Network recommended that ‘core 
teams’ be implemented at CT centres—comprising a CT radiologist, a CT radiographer 
and a qualified medical physicist—to ensure dose constraints are followed without 
sacrificing image quality. It also recommended repeat exams be avoided and that non-
ionising imaging modalities be considered before using CT (Prokop, 2011). Further, a 
2009 study of two US paediatric CT departments concluded that young patients are in 
particular need of CT constrained by the ALARA principle (King et al., 2009). 
2.5.3 Computed tomography protocol optimisation. 
The increasing diagnostic options and clinical benefits of multi-slice computed 
tomography have led to a dramatic increase in CT utilisation over the last decade, with a 
corresponding increase in radiation exposure. Consequently, dose-reduction efforts in CT 
must include justification for the exam and individual optimisation of the CT protocols. 
The term ‘protocol’ refers to the set of CT scanner variables used to conduct the 
examination, including tube voltage, tube current, scan length and slice thickness. 
Protocols should be designed with radiation kept as low as possible while maintaining 
image quality (Broder, 2008). Guidelines such as the European Union Quality Criteria for 
CT (Petricoin et al., 2002) have been assembled to aid with this.  
With the wealth of information available, it is necessary to conduct a careful review 
of the relevant literature and regularly update the protocols used to ensure that best practise 
is maintained. A 2006 survey by Moss and McLean of all CT scanners licensed in New 
South Wales and all dedicated children’s hospitals in Australia revealed the need for 
continuing education and protocol review, particularly in paediatric CT examinations, in a 
complex and fast changing environment (Moss & McLean, 2006). Similarly, a 2004 paper 
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from McLean recommended that regular reviews of scan protocols be conducted (McLean, 
2004). 
Since patients naturally have variations in body size, a quality set of protocols that 
are uniformally applied does not necessarily translate to the lowest possible dose for each 
patient. This is particularly relevant to paediatric CT, in which applying an unadjusted CT 
scan designed for an adult will involve a much larger radiation dose than is necessary for a 
quality image. Instead, protocols should be optimised for the individual patient depending 
on the patient size, clinical indications and CT history (Kubo et al., 2008; Singh et al., 
2009). 
 
2.6 Addressing Radiation Exposure in Paediatric Computed Tomography 
The need for dose reduction in CT, especially paediatric CT, has received attention 
from the NCRPM, with a conference dedicated to exactly this topic being held in 2002. 
This conference included representatives from the physics community, CT vendors, users 
and regulators, and concluded that dose to patients, specifically paediatric patients, could 
be lowered without significant loss of diagnostic information (Linton & Mettler, 2003). 
This conclusion was echoed in 2008, by Papadakis, Perisinakis and Damilakis’ study, 
which concluded that dose-reduction systems can achieve lower doses for children 
(compared to adults) without sacrificing image quality. Techniques for how to accomplish 
this dose reduction have been issued by Vock (2005). 
2.6.1 Regulations. 
Numerous international organisations, including the ICRP (1991), the International 
Atomic Energy Agency (IAEA) (2002) and the EC (1999), have made recent 
recommendations aimed at minimising CT doses, particularly in the paediatric population. 
To ensure optimisation of performance and patient protection in CT procedures, the EC has 
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established a set of quality criteria for adult CT examinations. These criteria have been 
published in the ‘European Guidelines on Quality Criteria for Computed Tomography’ 
(Menzel, Schibilla & Teunen, 1999). The FDA in the US has published a similar set of 
recommendations, with the objective of keeping CT radiation doses as low as reasonably 
achievable, especially for children and small adults. The FDA stresses the importance of 
customising CT scanner parameters for each individual’s weight, size and scan region 
(FDA, 2001).  
To protect paediatric patients from undue exposure to radiation, the US FDA has 
established guidelines to:  
1. Improve CT exposure factors to reduce unnecessary paediatric patient radiation 
dose and perform more extensive quality checks to validate the reported dose 
values; 
2. Reduce the number of procedures requiring multiple CT scans; and  
3. Utilise alternative, lower dose, radiographic exams wherever possible (Feigal, 
2002). 
The 4th Framework European Programme in paediatric radiology concentrated on 
developing guidelines for common paediatric CT examinations (Brenner & Hall, 2007), 
and a paediatric document that offers general principles associated with good imaging 
technique, quality criteria and guidelines on radiation dose to the patient has already been 
prepared based on the adult CT document (Shrimpton & Wall, 2000; Wall, 2000). 
Similarly, the Alliance for Radiation Safety in Paediatric Imaging, a movement of more 
than 500,000 health care professionals, is working for an increasing awareness among 
radiologists and radiographers of the need for a ‘child size’ CT scan technique. It 
recommends the following steps to prevent excessive dose exposure to paediatric patents: 
(1) the acquisition of new CT equipment should be supported by validation of the protocol 
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to help ensure that patient doses are ALARA (Slovis, 2002); (2) any increase in dose must 
be justified by a corresponding improvement in diagnostic information; (3) where possible, 
an iodinated contrast medium should be used to perform CT examinations at lower kV 
values with no loss of diagnostic information (Goske et al., 2008). 
The requirements for quality assurance (QA) of CT scanners is documented by the 
task group reports issued by the American Association of Physicists in Medicine (AAPM) 
(Mutic et al., 2003) and, in Australia and New Zealand, by the Australasian College of 
Physical Scientists and Engineers in Medicine (ACPSEM) position paper (ACPSEM, 
1996). Both of these documents divide the required tests into daily, monthly and annual 
requirements and provide tolerance criteria and instructions on testing techniques. 
In addition, the ‘Image Gently’ campaign worked to encourage radiographers to 
minimise their imaging dose, with recommendations and instructions for implementing 
paediatric CT protocols based on adult equivalent scans (Goske, 2008; Goske et al., 2008; 
Strauss et al., 2010). By way of example, Figure 2.1 shows two similar CT scans, 
illustrating the same diagnostic information at similar quality, but with very different 
amounts of dose delivered to the patient.    
 
Figure 2.1. The dose in image A is more than double that in image B (Goske et al., 2008). 
2.6.2 Previous research on reducing radiation dose. 
There have been a number of dose studies and surveys to date conducted in 
paediatric CT. In a 2001 study of paediatric CT patients at a Northern Ireland hospital, it 
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was found that CT parameters were not adjusted for the age of the child, and that the adult 
scan parameters were often used. This may expose paediatric patients to an unnecessarily 
high radiation dose during body CT (Paterson et al., 2001).  
A subsequent 2003 survey of paediatric radiologists in the USA found that although 
parameters were adjusted for patient age, variable scanning techniques were used that 
potentially delivered higher radiation doses (Hollingsworth, Frush, Cross & Lacaya, 2003). 
Another 2003 survey was carried out to assess paediatric patient dose for common CT 
examinations at three paediatric hospitals and one non-paediatric hospital in Belgium. 
There was no agreement between centres on how to categorise patients, with some centres 
dividing paediatric patients by weight, and others by height (Pages, Buls & Osteaux, 
2003).  
A 2003 study conducted by McLean, Malitz and Lewis compared radiation dose 
across nine paediatric hospitals in Australia using Monte Carlo techniques for common 
chest and abdomen scans. This study concluded that in many cases, the dose levels could 
be reduced by careful consideration of the scan protocol parameters (McLean, Malitz & 
Lewis, 2003). Another survey conducted by Moss and Mclean in Australia (2006) 
reviewed the practice of CT usage and calculated the radiation dose for common CT 
examinations. This study concluded that the dose levels to the paediatric CT patients can 
be reduced by continuing education and protocol review. The importance of education was 
also underscored by a 2008 US study of two patients who had undergone regular CT scans 
throughout their childhood. This study revealed that clinicians were not aware of the 
potential risks of ordering routine CT imaging for shunted hydrocephalus, and that this 
may have contributed to later malignancies (Smyth et al., 2008). 
Studies of regional variations of CT scanners, including the evaluation of regional 
diagnostic reference levels (DRLs) have also been conducted. A 2008 study of European 
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paediatric centres calculated a DRL for chest CTs for different age categories from 0 to 12 
years old, concluding that a systematic and automated study of dose would be easier with 
relevant information included in the Digital Imaging and Communications in Medicine file 
headers (Smans et al., 2008). A 2010 survey from the Royal Children’s Hospital in 
Brisbane established a local DRL for reference by clinicians during routine practice and 
pointed out that local DRLs are recommended by Australian legislation (Watson & 
Coakley, 2010). A 2007 survey of 146 CT facilities in Taiwan found a large variation in 
dose levels for common procedures, with a standard deviation of 85 per cent of the mean 
for common abdominal scans (Tsai, Tung, Yu & Tyan, 2007). Similarly, an Austrian 
survey indicated that for paediatric patients, the variance between the lowest and highest 
doses across CT departments was rougly a factor of eight, for head, chest and 
abdomen/pelvis regions (Billinger, Nowotny & Homolka, 2010). A similar dose survey of 
12 CT scanners in Canada (Leswick, Syed, Dumaine, Lim & Fladeland, 2009) found that 
although the dose levels were within 20 per cent of each other across the Saskatchewan 
region, the overall estimated dose means were higher than other published data from the 
United Kingdom (UK) from 2003. 
Semelka et al. (2007) suggest three ways to reduce radiation exposure during CT 
scans. First, reduce the CT-related dose delivered to each patient. This is partially 
addressed by use of automatic exposure control options on later models of CT scanners, 
which adjust dose according to patient size and optimise radiation dose within a single 
patient using dynamic tube current (Frush et al., 2003; Semelka et al., 2007). Second, use 
alternative imaging techniques such as ultrasound and MRI when practical. Third, and 
most effective, decrease the number of CT scans performed (Frush, 2002; Semelka et al., 
2007). 
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In Australia, recent media reports have documented that radiologists believe there 
to be an overuse of CT scans as a first-choice diagnostic tool for conditions such as lower 
back pain (Cancer Council, 2010). The Paterson et al. study (2001) found that some 
hospitals gave CT scans to patients both before and after administering intravenous 
contrast media, which doubled the dose to the patient and was often unnecessary. A survey 
of delegates at a radiology conference revealed that around a third of paediatric CT 
requests were considered unnecessary (Slovis, 2002). Oikarinen et al. (2009) reported that 
justification of CT examinations of young patients performed at Oulu University Hospital 
in Finland was inadequate, but that the situation could be improved by education, use of 
referral guidelines and increased MRI capacity. It was found that by applying the EC’s 
recommended guidelines for CT justification, about 30 per cent of the examinations 
conducted were not justified (Oikarinen et al., 2009). A study of CT requests at the Alfred 
Hospital in Australia recommended that responsibility for the patient dose should be 
considered by the referring physician, the radiologists and radiographers, and even the 
patients. It also suggested that patients keep a record of their own dosimetric history 
(Street, Brady, van Every & Thomson, 2009). In a related paediatric study, a 2006 study of 
referral methods at Nagasaki Hospital in Japan found that the rate of CT usage was 
significantly higher than published guidelines. The study cited a lack of standard 
diagnostic follow-up guidelines and a desire to confirm diagnosis as the likely causes 
(Ghotbi et al., 2006). In the review of protocol adjustment conducted by Donnelly et al. 
(2001), it was concluded that helical CT parameters could be adjusted from the adult 
settings to reduce radiation dose to children, and that it is the radiologist’s responsibility to 
use the correct CT techniques. 
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2.6.3 The need for diagnostic reference levels. 
To reduce CT radiation dose levels, it is important to regularly review and update 
CT protocols. DRLs are used for comparison of CT doses from different hospitals. This 
encourages CT departments to reduce their patient radiation dose levels (EC, 1996). A 
DRL, as first defined by the ICRP (1996), is ‘a form of investigation level, applied to an 
easily measured quantity, usually the absorbed dose in air, or tissue-equivalent material at 
the surface of a simple phantom or a representative patient’. The ICRP recommended the 
establishment of DRL to allow CT departments to compare their dose levels to national or 
regional standards. Using a specified dose measurement protocol and phantom, the DRL is 
usually defined as the 75th percentile of the data distribution (Matthews & Brennan, 2009). 
This identifies the departments that lie above the DRL as those in which dose reduction 
would have the greatest impact. Since the DRL will always be breached by 25 per cent of 
the population, the DRL should be used as an indication, rather than a proof of excessive 
dose (Wallace, 2010). 
The use of DRLs has reduced the overall dose and range of doses observed in 
clinical practice in the UK, with a 50 per cent decrease in average dose between 1985 and 
2000 (Hart & Wall, 2001; Shrimpton, Wall & Hart, 1999). To achieve similar outcomes in 
Australia, DRL surveys must be conducted (Wallace, 2010). This point was also made 
following a 2009 survey of Syrian CT departments, which recommended the establishment 
of national DRLs (Kharita & Khazzam, 2010). 
2.6.4 Undergraduate education of radiology staff. 
Improving radiographers’ knowledge of patient doses in CT is usually considered 
the first step in optimisation strategies (Muhogora et al., 2006), and the IAEA recommends 
education and training of radiographers involved in paediatric CT (IAEA, 2002). 
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Unfortunately, as Mettler (2004) pointed out, radiographers’ basic education and training 
overlooks paediatric CT radiation doses. 
A 1998 study found that variation by 10–40 per cent in the typical doses between 
individual scanners was largely due to imaging technique (Shrimpton & Edyvean, 1998), 
something easily rectified with improved education. A recent survey conducted among 
health professionals in Northern Ireland on awareness of the radiation doses imparted 
during common diagnostic imaging procedures and their long-term impact on patients 
demonstrated a knowledge gap that could be improved with appropriate training (Soye & 
Paterson, 2008). A 2006 survey in New South Wales, Australia also showed the need for 
continuing education and protocol review, particularly in paediatric CT examinations 
(Moss & McLean, 2006). Another study of physicians in a large hospital in the UK 
assessed the knowledge of primary care and specialist physicians about radiation doses and 
risks; the results revealed an urgent need to improve physicians’ understanding of radiation 
exposure. Only 27 per cent of medical doctors attained the 45 per cent pass mark, and only 
57 per cent of radiologists and radiology-related sub-specialists passed the test (Jacob, 
Vivian & Steel, 2004). Similarly, Lee et al. (2004) revealed that referring clinicians have 
little or no understanding of the risks associated with CT scan examination. 
The need to train radiology personnel, establish protocols and continuously monitor 
the performance of CT equipment to control patient CT doses is of utmost importance 
(Muhogora et al., 2006). Radiologists must be knowledgeable about many topics to reduce 
radiation dose in paediatrics CT. Dose adjustment according to size, weight and scanning 
area plays an important role in radiation dose reduction in CT and more research is 
required to develop reduced-dose protocols for common clinical indicators. Relevant 
education and training about the potential risks of high patient doses during CT 
examination could reduce exposure from CT technique factors with no loss of image 
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quality (Huda & Bushong, 2001). In their recent paper exploring the use of simulated 
learning programs currently used in radiography CPD, Thoirs, Giles & Barber (2011) 
suggested expanding this learning technology to the formal curricula of radiographer 
training. 
All of the studies reviewed suggest the need for improvements in the knowledge 
base and training of CT radiographers regarding dose in CT examinations, particularly 
when applied to paediatric patients. To be most effective, this should involve continuing 
education among all staff involved in radiographic imaging, from technologists to referring 
physicians. Such training should occur not just at regional level, but globally. This could 
be achieved through large-scale training initiatives, with materials translated into all 
languages and distributed globally (IAEA, 2002).    
2.6.5 Continuing professional development for radiographers. 
CPD is defined by the AIR (2007) as:  
ongoing maintenance and growth of professional excellence through 
participation in life-long activities, which are planned and implemented to 
achieve this for the benefit of participants, patients and the public.  
CPD has been adopted by many professions and promotes ‘maintenance’, ‘survival’ and 
‘mobility’. Maintenance refers to the concept of life-long learning, survival requires 
practitioners to exhibit ongoing competence and mobility increases employability (Sadler-
Smith, Allinson & Hayes, 2000). CPD may include the development of skills such as 
problem solving, communication and teamwork, which assist a health practitioner to 
practise successfully (Cervero, 2001).  
Radiographers accept that CPD is important for the profession (French & Dowds, 
2008; Gould, Drey & Berridge, 2007). In many countries, participation in CPD is now 
mandatory and linked to registration to practise, with health care sectors recognising the 
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need for formal ongoing learning (Henwood, Yielder & Flinton, 2010). However, a recent 
study of the AIR’s CPD programme showed that 66 per cent of 125 participants believed 
that CPD should be voluntary for all radiographers (Lee et al., 2010). Likewise, a survey of 
Medical Radiation Science (MRS) practitioners at Royal Adelaide Hospital showed that 
practitioners believed they did not have time to update their knowledge by reading journal 
articles, either at work (80 per cent) or at home (64 per cent) (Scutter & Halkett, 2003). A 
joint study between the UK and New Zealand, conducted in 2004, also highlighted that 
practitioners were reluctant to pursue CPD activities in their own time (Henwood, Yielder 
& Flinton, 2004). Other studies have revealed radiation therapists’ poor attitudes to CPD 
and strong resistance to change (Halkett & Scutter, 2003; Sim, 2000).  
Henwood et al. (2010) found that radiographers in the UK and New Zealand had a 
narrow understanding of CPD, limited essentially to formal attendance-based activities. 
Many of them viewed participation in CPD activities as goals in themselves; less formal, 
on-the-job learning was not always considered to be CPD. Few regarded their CPD 
activities as having any impact on clinical practice and outcomes. Although Henwood et 
al.’s study concentrated on radiographers in the UK and New Zealand, a similar picture is 
most likely present in Australia. Henwood et al. (2004) has also revealed the positive 
effects of having a CPD program, including staff retention and increased job satisfaction. 
The attitudes of radiographers to CPD participation has been studied in many 
countries. Two recent studies on Australian radiographers have concluded that 
radiographers would like to commit more time to CPD, but cannot. In Sholer et al.’s 2011 
study, Western Australian radiographers’ decreased participation rates in CPD were 
attributed to a lack of time and heavy workloads. Similarly, in a survey of New South 
Wales radiographers, lack of time and funding were cited as major impediments to CPD 
participation (Lee, Reed & Poulos, 2010). 
  
34 
Despite these limitations, a survey of European radiographers found that 54 per 
cent rated CPD as ‘important’, with 7 hours per month being the mean amount of time that 
radiographers would like to spend on CPD activities (Marshall, Punys & Sykes, 2008). 
 
2.7 Summary 
CT is a useful imaging modality that has enjoyed an increase in use in recent years. 
However, CT imaging is known to have risks. Therefore, especially in paediatric CT in 
which stochastic effects have a longer time to develop into serious health concerns for 
individual patients, it is important that radiographers attempt to minimise the impact of CT 
radiation on patients. While the harmful effects of CT are well documented, there is 
minimal literature regarding the attitude of radiographers towards the degree of risk from 
CT radiation and the importance of minimising radiation dose. This study seeks to address 
this gap. 
Further, although there are a variety of techniques available to radiographers for 
minimising the dose to patients, these techniques are not universally taught to student 
radiographers. Therefore, CPD is needed, both to train those lacking in requisite 
knowledge, and to maintain currency in the techniques of radiographers and others 
involved in CT scanning. There have been a number of surveys conducted regarding the 
perceived importance of CPD and the extent to which it is practised by radiographers, with 
the conclusion that while most radiographers accept that CPD is important, very little self-
directed study is practised. Other studies have indicated that formal CPD sessions are 
decreasing in popularity, which in turn casts doubt on the ability of dose-reduction 
techniques to permeate the profession. Therefore, there is a need to analyse the confidence 
and ability of radiographers with dose-reduction techniques when administering paediatric 
CT. To date, no study has been done to document this analysis in either Australia or Saudi 
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Arabia. DRLs have also been recommended by several sources as a useful tool for 
identifying poor performance between departments. However, a direct comparison of 
paediatric CT units has never been conducted in Australia or Saudi Arabia.  
This literature review has identified important gaps in the research area. There is no 
evidence to date that shows whether radiographer understanding impacts on the dose 
delivered to CT paediatric patients. Without understanding the current state of radiographer 
knowledge and attitude toward paediatric CT, it is difficult to ensure CPD is targeted. This 
review has also shown that there is a lack of comparative DRLs in paediatric CT 
departments, which are important tools for identifying departments that need to review and 
update their protocol. This study intends to fill these gaps. 
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Chapter 3: Survey of Radiographers’ Knowledge and 
Understanding of Paediatric CT Dose 
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3.13 Part A Data Analysis  
3.14 Part B Data Analysis  
3.15 Summary 
 
3.1 Introduction 
As stated in Chapter 2, there are gaps in the knowledge about paediatric CT 
practice in regard to attitides towards dose reduction, need for CPD and use of DRLs. 
These gaps need to be filled. To date, no studies have been published that satisfactorily 
answer the research questions. This chapter describes and justifies the research design used 
to collect data about the knowledge and attitudes of radiographers to CT radiation dose, 
and details the methodology used to design the questionnaire employed in this survey. The 
results from this survey will be presented in Chapter 4.  
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3.2 Survey Methodology 
 Several previous studies (Heyer et al., 2010; Shiralkar et al., 2003; Soye & 
Paterson, 2008) have used survey methods to evaluate the level of knowledge and 
professional development of practitioners in medical fields. Some researchers (Henwood et 
al., 2004; Hollingsworth et al., 2003; Lee et al., 2010; Paterson et al., 2001)  have studied 
radiographers’ learning area in practice. However, few studies have focused on 
radiographers’ knowledge in practice. 
The IAEA (2002) provides detailed recommendations about the training of CT 
radiographers. The IAEA document makes special mention of children’s higher risk of 
stochastic radiation effects and recommends that radiographers be trained to optimise the 
dose delivered in CT. It also recommends that protocols be regularly updated and that 
paediatric radiographers choose scanning techniques carefully, using paediatric protocols 
(IAEA, 2002). 
A 2006 survey (Muhogora et al., 2006) of the CT dose in four Tanzanian hospitals 
collected details about CT scanners, scanning parameters and frequent CT examinations to 
estimate a computed tomography dose index (CTDI) and dose length product (DLP) for 
each hospital. While this study dealt with adult CT data only, and is therefore of only 
limited applicability to paediatric CT, the study did compare the collected data to EC 
recommendations, concluding that CT doses to patients were higher than recommended, 
that radiographers needed additional training and that protocols should be updated and 
reviewed regularly. The methodology used in the Muhogara et al. article is useful for 
comparing the CT output of several centres. However, their research did not consider 
different protocols, or the existing knowledge or attitudes of radiographers toward 
radiation dose in CT. This leaves the current state of radiographer knowledge undefined, 
making the conclusions and recommendations of the article imprecise. The demonstrated 
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need for radiographer training was elaborated on by Moss and McLean (2006), who 
compared New South Wales CT protocols for paediatric and adult scans in a similar 
manner to Muhogara et al. (2006). Moss and McLean concluded that paediatric CT 
radiographers had particular need for continuing education and protocol review. 
In contrast to the Muhogara et al. paper, Soye and Paterson’s (2008) survey  
examined awareness of the radiation doses produced during CT and other imaging 
procedures. This was a knowledge test of Northern Ireland physicians from various 
specialties, and it found that the overall understanding of radiation dose among physicians 
is poor. It also concluded that training increases awareness about radiation dose. The Soye 
and Patterson (2008) and Jacob et al. (2004) papers are of interest to this research, since 
they reveal the poor understanding of radiation risk among referring specialists, and 
identify the need for radiographers—both paediatric and adult—to assist referring 
specialists by applying their knowledge about CT radiation dose. Another study of 
physicians in a large hospital in the UK assessed the knowledge of physicians using an 11-
question multiple-choice questionnaire about radiation doses and risks; the results 
demonstrated an urgent need to improve physicians’ understanding of radiation exposure 
(Jacob et al., 2004). Huda and Bushong (2001) found that education about the risk from CT 
examinations could lead to reduced exposure from CT with no loss of image quality, 
signalling the need to examine the willingness of radiographers to pursue such CPD. None 
of the articles reviewed perfoms such as examination. 
Studies have been conducted in Australia and overseas that evaluate the attitude of 
radiographers to CPD and other subject areas. However, none of these studies cover 
radiographers’ attitudes towards dose limitation and their impact in paediatric CT. For 
example, French and Dowds (2008), Henwood et al. (2010), Halkett and Scutter (2003), 
Sim (2000) and Lee et al. (2010) documented radiographers’ attitudes towards CPD, but 
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did not analyse the relationships between current practice and attitudes and knowledge 
about CT radiation dose. Other researchers have studied radiographers’ attitudes, including 
in non-accidental injury paediatric cases (Brown & Henwood, 1997) and knowledge in 
image production work using the Picture Archiving and Communication System (PACS) 
(Larsson, Lundberg & Hillergård, 2009). However, no studies have been conducted on 
radiographers’ knowledge and attitudes towards dose limitation and its impact in paediatric 
CT. These findings reveal the need for further study to investigate the attitude and 
knowledge of radiographers to CT radiation dose.  
The aim of this survey is to address research aims 1, 2 and 3, outlined in Section 
1.4. These research aims are:  
1. Investigate current paediatric CT scan protocols in Australian and Saudi 
Arabian public paediatric hospitals.  
2. Evaluate Australian and Saudi Arabian paediatric CT radiographers’ knowledge 
of the radiation dose delivered by a range of paediatric CT scan protocols.  
3. Evaluate radiographers’ attitudes toward paediatric CT dose.  
 
3.3 Survey Design 
The data collection for this survey was divided into two sections: Part A and Part B. 
Part A is a survey focusing on radiographer knowledge and attitudes to CT radiation dose. 
Part B is a survey of protocols used by CT departments, completed by the heads of CT 
departments.  
3.3.1 Design of Part A: Questionnaire of radiographers’ knowledge and attitudes.  
 To answer the research questions of this project, a survey questionnaire was 
selected as the best medium for data collection. A questionnaire was selected because a  
well-designed questionnaire can be easy to report, cheap and fast (Bell, 2005; Dawson, 
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2007). According to the literature review, no previous researchers in this field employed a 
questionnaire that was suitable for this study, so a new questionnaire was designed. 
3.3.2 Piloting the questionnaire. 
The survey questionnaire was designed after a thorough review of the literature, 
exploratory discussions and reviews of multiple drafts with academic and clinical medical 
imaging professionals, and trials with postgraduate students at RMIT working in the same 
field. Feedback received on each draft, including changes to question wording and 
questionnaire structure, was incorporated into the revised questionnaire for continued pilot 
testing. For example, one early question read: ‘Compare the radiation dose from a head CT 
scan to a chest CT scan’. After feedback, this question was changed to: ‘Do you think the 
radiation dose for a head CT scan in your department is…?’, followed by a number of 
options ranging from ‘low’ to ‘high’. Through this process, the questionnaire and cover 
letter were gradually refined into final versions. 
3.3.3 Questionnaire validity. 
A disadvantage of questionnaires is that questionnaires gather the stated preference 
as opposed to the revealed preference of the participants (Hensher, Rose & Greene, 2005). 
This study opted for the stated preference because gathering revealed preference by means 
of a behavioural study would have been far too time consuming to be considered 
reasonable for this project. Another disadvantage of surveys is that loaded questions can 
introduce bias into the data collected (Davies, 2007). To mitigate these problems, 
questionnaire response formats and the suitability of the data for the intended analysis were 
checked by RMIT’s postgraduate statistical service. The reliability of a questionnaire can 
be measured by the Cronbach’s alpha coefficient, which was first proposed in 1951 
(Cronbach, 1951) and has been widely used in questionnaire design ever since (Allen & 
Yen, 2002). The pilot procedures resulted in the development of an English-language 
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questionnaire that was both valid and reliable. Reliability was confirmed by comparing 
responses to five questions relating to radiographers’ enjoyment of and confidence in their 
work (Cronbach’s alpha = 0.73) and three questions relating to perceived radiation dose 
and risk (Cronbach’s alpha = 0.86). In many fields, a Cronbach’s alpha value of >0.70 is 
used as a threshold above which a questionnaire is considered reliable (Nunnally, 1978).  
3.3.4 Questionnaire description. 
The questionnaire had two sections, background information (nine questions) and 
CT information (14 questions), which included subsets where necessary. The survey 
questionnaire consisted mostly of closed-ended questions for ease of response and analysis, 
producing quantitative data (Dawson, 2007). However, the second section included some 
open-ended questions to permit the participants to respond freely when required. This 
questionnaire contained 39 questions over five pages, and was aimed at eliciting simple, 
clear and concise responses. The questionnaire included questions to be answered on 
Likert scales, verbal scales, conditional branching questions and multiple-rating lists 
(Alreck & Settle, 1995). It was estimated that participants would complete the 
questionnaire within approximately 15 minutes (see Appendix 3.1). 
 
3.4 Design of Part B: The Protocol Questionnaire 
CT scan protocols are designed by radiology departments as guidelines for CT 
radiographers in imaging various pathologies. CT scanning protocols affect patient dose. 
Therefore, a thorough understanding of the variety of scanning protocols for head, chest 
and abdomen/pelvis is crucial if radiographers are to assume a proactive role in the 
reduction of CT dose. The purpose of collecting these protocols is to compare and contrast 
paediatric scanning practise in Australian and Saudi Arabian paediatric hospitals, and to 
establish a common age range for dosimetry study. 
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The CT scan protocol questionnaire (see Appendix 3.2) was based on that 
developed by Shrimpton, Hillier, Lewis and Dunn (2002). It was used and modified with 
their permission (see Appendix 3.3). Each CT radiographer in-charge was provided with 
the radiographers’ questionnaire. It was estimated that participants would complete both 
the protocol and quantitative questionnaires within 60 minutes.  
 
3.5 Recruitment of Hospitals and Staff 
The focus of the study was on reducing radiation dose in padeiactric CT scanning. 
Therefore, it was decided to limit recruitment to the survey to CT radiographers in public 
paediatric hospitals. This is because paediatric hospitals’ CT departments are dedicated to 
scanning paediatric patients and, as such, it was expected that these CT radiographers’ 
responses would provide more detailed information about both paediatric CT protocols and 
radiographers’ understanding of dose and stochastic radiation effects. Only public 
paediatric hospitals were chosen to allow for a direct comparision between Australia and 
Saudi Arabia, as there are no private paediatric hosptials in either country.  
 
3.6 Recruitment  
The radiology departments of all paediatric public hospitals in Australia (n = 7) and 
Saudi Arabia (n = 8) were contacted by telephone. The researcher introduced himself to the 
CT radiographer in-charge, explained the purpose of the study, and assured confidentiality 
with respect to survey responses and participants’ details. During this telephone call, the 
number of radiographers employed was established, as was the number and type of CT 
scanners. The CT radiographer in-charge was then mailed a package of questionnaires with 
postage-paid envelopes and asked to circulate these among the relevant staff. 
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3.7 Part A: Data Collection 
Each radiographer received a survey package in the post consisting of an invitation 
to participate in the survey, a plain language statement (see Appendix 3.4), the survey 
questionnaire and a postage-paid return envelope. An invitation to participate in a post-
dosimetry qualitative interview (see Section 3.5 and Appendix 3.5) was also included, 
inviting the survey respondents to contact the investigator directly to express interest. A 
postal distribution was used in preference to email due to several limitations to email 
questionnaires. First, email questionnaires can introduce sampling bias because those who 
are less confident with technology may refrain from participating. Secondly, because they 
are unsolicited, widely-distributed emails can often be ignored, potentially decreasing 
participation rates (Alreck & Settle, 1995; Bell, 2005; Wellington, 2000). 
To ensure confidentiality, each participating radiographer was asked to return the 
completed questionnaires in the supplied postage-paid envelope directly to the investigator. 
A time period of two weeks was given in accordance with literature support (Bell, 2005). 
Upon receipt of data, the participant was assigned a code denoting which hospital and 
country the data originated from in the format (Country.Hospital.Radiographer) to 
maintain anonymity in reporting results. For example, A.1.2 denotes data from 
radiographer 2, from hospital 1, in country A. 
 
3.8 Part B: Data Collection 
The survey questionnaire was addressed to the CT in-charge radiographers in all 
exclusively paediatric public hospitals in Australia (n=7) and Saudi Arabia (n=8). The CT 
in-charge was requested to provide five data sets for CT examinations in various age 
groups (range 0–15 years) for three CT examinations: head, chest and abdominal/pelvis. 
Instructions for completion of each section in the CT protocol survey were provided. 
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3.9 Survey Timeline 
The survey (Parts A and B) was conducted in Australia and Saudi Arabia from 
October 2009 until January 2010.  
 
3.10 Ethics Procedures 
 The researcher had to consider potential and actual ethical issues in relation to 
research design, data collection and analysis (Ticehurst & Veal, 2000). Ensuring 
confidentiality and anonymity, allowing free choice, avoiding harm and risk to participants 
and giving the participants full details about the research were addressed by the researcher 
(Knapik, 2002; Richards & Schwartz, 2002; Rubin & Rubin, 2005).  
Participants’ anonymity with respect to everyone but the researcher was ensured by 
asking them to return questionnaires directly to the researcher rather than via department 
heads. The anonymity of the quantitative survey meant that obtaining informed consent 
was not necessary; participants were judged to have provided consent by returning the 
questionnaire. Participants were given full details about the research in a plain language 
statement, which was included in the questionnaire package, as well as contact details for 
the researcher and his supervisors to enable participants to seek clarification if desired. The 
plain language statement reminded participants that their involvement in the research was 
voluntary and that they could withdraw their data at any time. 
The survey was approved by the RMIT Human Research Ethics Committee 
(approval #42–09) and the Ministry of Health of Saudi Arabia (approval #37/61317) (see 
Appendixes 3.6 and 3.7 for the approvals).  
3.10.1 Storage of data. 
Consent forms were stored in a locked filing cabinet, with questionnaires stored in 
a separate cabinet, all under direct control of the researcher. Electronic data were kept on a 
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password-protected drive on RMIT’s secure server and were accessible only to the 
researcher. All quantitative survey data were reported only in aggregated form so that 
identification of individual responses was impossible.  
 
3.11 Data Processing 
The researcher consulted RMIT’s statistical support service during analysis. They 
made recommendations about the appropriate test to use with the variable resulting from 
each question, and how to avoid ambiguity in processing the data. It was at their 
suggestion that the threshold for significance was established and that 2-sample student’s t-
tests were selected. 
 
3.12 Part A: Data Analysis 
Analysis of the survey data consisted of descriptive procedures and bivariate 
comparisons between groups. Australian and Saudi Arabian CT radiographers’ knowledge 
and attitudes about paediatric CT dose were compared using t-tests for differences in 
means of continuous variables (for example, head CT scan dose) and Chi-squared tests for 
differences in proportions (for example, levels of qualification). Differences were judged 
to be significant if the p-value was less than 0.05, using Statistical Package for the Social 
Sciences, SPSS (version 18). Many studies have employed the same or similar analytical 
aproaches, including Scholer et al. (2011) and Henwood et al. (2010) in their studies of 
radiographers’ CPD in Western Australia and the UK respectively. 
3.13 Part B: Data Analysis 
The CT scan protocols provided by Australian and Saudi Arabian CT radiographers 
in-charge were assessed and contrasted. Means of measurement of paediatric radiation 
doses were compared across the two countries and between individual hospitals using t-
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tests. Each protocol’s settings for collimation of multi-slice, scan field of view, tube 
voltage, tube rotation time, tube current, displayed mAs, displayed effective dose, 
automatic dose reduction, slice thickness, total number of slices, table increment, pitch and 
console approximation of dose were also recorded. 
 
3.14 Summary 
This chapter outlined the methodology of the questionnaire-based survey of 
Australian and Saudi Arabian paediatric CT radiographers’ knowledge and understanding 
of paediatric CT dose. It has been shown that the questionnaire was carefully designed and 
piloted with consideration of ethics and validity. Ethics approval for this project has been 
obtained. Further, participant selection methods have been explained, with respondents 
recruited from every Australian and Saudi Arabian public paediatric hospital. The 
statistical methods used for data analysis have also been described.  
In addition, the protocols used for all age groups for head, chest and 
abdomen/pelvis scans were collected from every participating hospital. Results from the 
survey are presented in Chapter 4. 
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Chapter 4: Survey Results 
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4.1 Introduction 
Chapter 3 outlined the methodology of the quantitative survey. This methodology 
was selected as the best way to elicit the responses needed to answer the central research 
question of this study, which aims to evaluate paediatric CT radiographers’ knowledge and 
understanding of paediatric CT dose. To evaluate the true dose to patients from each CT 
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department, the protocols used for all age groups for head, chest and abdomen/pelvis scans 
were collected. 
This chapter describes the results of the quantitative survey of Saudi Arabian and 
Australian paediatric CT radiographers, including demographics, data relating to 
employment and knowledge, attitudes and practices with respect to CT scans. A discussion 
of the relevance of these results is presented in Section 4.2. 
This survey was divided into two parts. Part A was a questionnaire to be filled out 
by paediatric CT radiographers to assess their knowledge and attitudes toward CT radiation 
dose. To evaluate and compare Australian and Saudi Arabian paediatric CT radiographers’ 
knowledge and attitudes about paediatric CT dose, a mixed research methodology was 
used that included a quantitative survey and a qualitative interview. Based on the results of 
this quantitative survey, an interview was conducted with a subset of survey participants to 
further explore paediatric CT radiographers’ attitude to CT dose (see Chapters 7 and 8).  
Part B was a collection of protocols for different age groups for the head, chest and 
abdomen/pelvis regions. The results from Part B were then used to select the exact 
protocol for dosimetry comparison in the dosimetry study. See Chapter 6 for details of this 
study. 
 
4.2 Results for Radiographer Survey 
The participating paediatric CT radiographers came from various locations across 
the two countries, from eight hospitals in Saudi Arabia and seven hospitals in Australia. At 
the time of the research, there were 71 paediatric CT radiographers working in public 
paediatric hospitals in Saudi Arabia; 56 (79 per cent) paediatric CT radiographers 
participated in the study. In Australia, there were 83 paediatric CT radiographers; 50 (60 
per cent) of them participated in the study. The difference between the proportions of 
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participating paediatric CT radiographers from each country is statistically significant (p < 
0.05).  
4.2.1 Distribution of paediatric computed tomography radiographers and 
participation by hospital. 
As seen in Figure 4.1, the survey elicited participation from almost all paediatric 
hospitals, with the exception of hospital A6. This means that a good cross-section of the 
paediatric CT radiographer community has been collected. 
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Figure 4.1. Distribution of hospital paediatric CT radiographers in Australia (A) and Saudi 
Arabia (S). 
Figure 4.2 shows the location of hospitals from which paediatric CT radiographers 
were recruited for the current survey. The study includes paediatric CT radiographers 
working in every mainland state of Australia, including from two hospitals in both 
Queensland and New South Wales and, one hopsital from each of Western Australia, 
South Australia and Victoria. Particpating paediatric hosptials from Saudi Arabia included 
two hospitals from each of the Riyadh, Eastern and Western regions of Saudi Arabia, one 
hospital from Almadinah Almunawarah region and one hospital from Asir region. 
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Figure 4.2. Distribution of the paediatric hospitals that participated in the survey. 
4.2.2 Age. 
The most common age bracket for paediatric CT radiographers was 20–29 years 
old in both Australia and Saudi Arabia, with 42 per cent being of this age in Australia and 
55 per cent in Saudi Arabia. There were also a number of participants from other age 
groups including 31–40 years old and over 40 years old (see Table 4.1). This indicates that 
all age groups were represented in the sample population.  
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Table 4.1  
Participants’ age ranges by country. 
 Country  
Age Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
20–29 21 (42) 31 (55) 52 (49) 
30–39 15 (30) 20 (36) 35 (33) 
40+ 14 (28) 5 (9) 19 (17) 
Total 50 (100) 56 (100) 106 (100) 
 
Although the 20–29 age bracket is the most heavily represented for both countries, 
Australia has a higher proportion of paediatric CT respondents aged 40+. The difference 
between the proportions of Australian and Saudi Arabian paediatric CT radiographers aged 
40+ is significant (χ2(1, N=106) = 6.53, p< 0.05).  
4.2.3 Gender. 
Table 4.2  
Male and female participants residing in Australia and Saudi Arabia. 
 Country  
Gender Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Male 18 (36.7) 28 (50.0) 46 (43.8) 
Female 31 (63.3) 28 (50.0) 59 (56.2) 
Total 49 (100) 56 (100) 105 (100) 
 
Table 4.2 shows that an equal number of male and female Saudi paediatric CT 
radiographers participated in this study. However, of the Australian paediatric CT 
radiographers, relatively more women responded than men (63 per cent female and 37 per 
cent of male in Australia compared to 56 per cent female and 44 per cent male in Saudi 
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Arabia). There is no significant difference between the percentages of Australian and Saudi 
Arabian female paediatric CT respondents (χ2(1, N=105) = 1.37, p = 0.24). 
4.2.4 Qualifications. 
Australia Saudi Arabia Certificate
Associate Diploma
Diploma
Degree
Postgraduate Diploma
Master
Other
Category
PG Diploma
4.1%
Degree
69.4%
Diploma
16.3%
Associate Diploma
4.1%
Certificate
6.1%
Other
1.8%
Master
1.8%
PG Diploma
7.3%
Degree
27.3%
Diploma
49.1%
Associate Diploma
9.1%
Certificate
3.6%
Education Levels of Radiographers
 
Figure 4.3. Australian and Saudi Arabian levels of qualification. 
As seen in Figure 4.3 the most common qualification among Australian paediatric 
CT radiographers was a degree (69 per cent), whereas almost half (49 per cent) of Saudi 
Arabian paediatric CT respondents hold a Diploma as their basic qualification. There is a 
significant difference between the proportions of Australian and Saudi Arabian paediatric 
CT radiographers with a degree (χ2(1, N=104) = 21.56, p< 0.001). This indicates a higher 
level of qualification among Australian paediatric CT radiographers. 
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4.2.5 Employment and experience. 
Table 4.3  
Current positions of survey participants 
 Country  
Position Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
   n         (%) 
MRS* Practitioner 38 (78) 6 (11) 44 (44) 
Clinical Tutor 2 (4) 2 (4) 4 (4) 
Head of MRS 
Department 
2 (4) 2 (4) 4 (4) 
Academic 0 (0) 5 (10) 5 (5) 
Other 7 (14) 36 (71) 43 (43) 
Total 49 (100) 51 (100) 100 (100) 
* Medical Radiation Science 
Table 4.3 shows that 78 per cent of Australians, but only 11 per cent of Saudi 
Arabians in the study identify themselves as MRS practitioners.  The difference between 
Australian and Saudi Arabian data is significant, χ2(1, N=100)  = 47.8 p< 0.001. The majority 
(71 per cent) of Saudi Arabian paediatric CT respondents listed their position as ‘Other’. 
This may be because they did not recognise the phrase ‘MRS Practitioner’.  
Table 4.4  
Current employment fraction 
 Country  
Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
     n      (%) 
Full Time 40 (80) 53 (94.6) 93 (87.7) 
Part Time 10 (20) 3 (5.3) 13 (12.3) 
Total 50 (100) 56 (100) 106 (100) 
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As seen in Table 4.4, a significantly higher proportion of the Saudi Arabian 
paediatric CT respondents were in full time employment (χ2(1, N = 106) = 5.26, p< 0.05) 
as compared to Australian paediatric CT respondents.  Similarly, more Saudi Arabian than 
Australian paediatric CT respondents were in current full time employment in CT (see 
Table 4.5—χ2(1, N=104) = 50.21 p< 0.001). 
Table 4.5  
Current employment status in CT 
Item  Country  
  Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
     n      (%) 
Full Time 6 (12.0) 44 (81.5) 50 (48.1) 
Part Time 44 (88.0) 10 (18.5) 54 (51.9) 
Total 50 (100.0) 54 (100.0) 104 (100.0) 
 
Results in Table 4.6 show the rotation schedules for Australian and Saudi Arabian 
paediatric CT respondents, with Australians rotating with greater variation, and Saudis 
rotating (93 per cent) every 3 months or 6 months. 
Table 4.6  
Frequency of rotation in the radiography department (if part time) 
 Country  
Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
     n      (%) 
Once every 3 months 16 (39)   15 (57.7)  31 (46.3)  
Once every 6 months 5 (12.2) 9 (34.6) 14 (20.9) 
Other 20 (48.8) 2 (7.7) 22 (32.8) 
Total 41 (100) 26 (100) 67 (100) 
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The difference between the Australian and Saudi Arabian rotation data is significant (χ2(2, 
N=61)   = 25.72, p< 0.001). Most Saudi Arabian paediatric CT respondents were rotating 
within their departments every three or six months.  
Australian paediatric CT radiographers had more experience in CT radiography 
than their Saudi Arabian counterparts, as shown in Table 4.7. The majority of Saudi 
Arabian respondants (83 per cent) had been practising paediatric CT radiographers for five 
years or less. In contrast, most Australian (53 per cent) paediatric CT respondents had 
more than five years of experience (χ2(1, N=103) = 19.44, p< 0.001). 
Table 4.7  
Years of experience as a CT radiographer. 
 Country  
 Period Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Less than a year 4 (8.2) 16 (29.6) 20 (19.4) 
1–5 years 19 (38.8) 29 (53.7) 48 (46.6) 
6–10 years 15 (30.6) 6 (11.1) 21 (20.4) 
11–20 years 5 (10.2) 3 (5.6) 8 (7.8) 
More than 20 years 6 (12.2) 0 (0) 6 (5.8) 
Total 49 (100) 54 (100) 103 (100) 
 
Similarly, a higher proportion of Saudi Arabian (86 per cent) than Australian (56 
per cent) paediatric CT respondents had been practising paediatric CT radiographers for 
less than five years (χ2(1, N=105)   = 13, p= 0.05), as seen in Table 4.8. 
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Table 4.8  
Years of experience in paediatric CT. 
 Country  
 Period Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Less than a year 8 (16) 18 (33) 26 (25) 
1–5 years 20 (40) 29 (53) 49 (47) 
6–10 years 14 (28) 7 (13) 21 (21) 
11–20 years 6 (12) 1 (2) 7 (7) 
More than 20 years 2 (4) 0 (0) 2 (2) 
Total 50 (100) 55 (100) 105 (100) 
  
4.2.6 Paediatric computed tomography radiographers’ attitudes. 
Table 4.9 shows participants’ attitudes towards working in paediatric CT. The 
questionnaire asked paediatric CT respondents to respond on a scale of 1 to 5 to the 
questions, with 1 being ‘Strongly Agree’ and 5 being ‘Strongly Disagree’.  
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Table 4.9  
Attitudes to working in paediatric CT. 
 Country  
 Australia Saudi Arabia  
No. Question N M sd n M sd T p 
Q9.a I enjoy working in 
paediatric imaging 50 1.6 .88 55 2.0 1.13 -2.2 0.028 
Q9.b I think paediatric CT is 
a future for me 50 2.6 1.06 56 2.4 1.17 1.1 0.29 
Q9.c I am familiar with CT 
equipment 50 1.8 .65 55 1.9 .82 -0.9 0.38 
Q9.d I am confident when 
working with CT 50 1.8 .82 56 1.8 .84 0.2 0.82 
Q9.e I am accessing 
resources (journals, 
books, websites) to 
improve my knowledge 
of CT 
50 2.5 1.02 56 2.5 1.11 0.2 0.87 
Q9.f I want to advance my 
knowledge-skills in 
paediatric CT 
50 1.9 .91 56 1.9 1.16 0.1 0.96 
*Note. n = Number of participants; M = Mean, sd = Standard Deviation 
 
The first question yielded the only statistically significant result—Australian 
paediatric CT radiographers enjoyed working in paediatric CT more than Saudi Arabian 
paediatric CT radiographers. There was no difference between the mean level of agreement 
of Australian and Saudi Arabian paediatric CT radiographers with respect to their views 
about having a future in paediatric imaging, level of familiarity with CT equipment, level 
of confidence when working with CT, extent to which they accessed resources (journals, 
books, websites) to improve their CT knowledge and desire to advance their skills in 
paediatric CT.  
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4.2.7 Computed tomography protocols. 
As seen in Table 4.10, CT protocols are updated more often in Australia. The 
majority (55 per cent) of Australian paediatric CT respondents reported they updated 
protocols ‘anytime’—meaning as required, and to no fixed schedule. To emphasise this 
point, no Australian paediatric CT radiographers reported that CT protocols were never 
updated (0 per cent), whereas 9 per cent of Saudi paediatric CT radiographers did respond 
that CT protocols were never updated.  
Table 4.10  
How often are the CT protocols updated? 
 Country  
  Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
   n         (%) 
Monthly 10 (20.4) 9 (16.1) 19 (18.1) 
Quarterly 5 (10.2) 3 (5.4) 8 (7.6) 
Half-yearly 3 (6.1) 9 (16.1) 12 (11.4) 
Yearly 4 (8.2) 19 (33.9) 23 (21.9) 
Never 0 (0) 5 (8.9) 5 (4.8) 
Anytime 27 (55.1) 11 (19.6) 38 (36.2) 
Total 49 (100) 56 (100) 105 (100) 
 
The difference between the distributions of Australian and Saudi Arabian responses is 
significant (χ2(5, N=105) = 47.10, p< 0.001). 
There are some differences in the method by which CT scan protocols are updated 
in Australian and Saudi Arabian public paediatric hospitals, as seen in Table 4.11.  
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Table 4.11  
Do the CT scan protocol updates involve any of the following? 
 Country   
 Activities Australia 
n        (%) 
Saudi Arabia 
n        (%) 
χ2 p 
Departmental Discussions     
 Yes  9 (18.0) 14 (25.0) 1.753 0.416 
 No 41 82.0 41 (73.2) 
Head of Department       
 Yes  13 (26.0) 9 (16.1) 3.178 0.365 
 No 37 (74.0) 45 (80.4) 
Senior Radiologist       
 Yes  33 (66.0) 13 (23.2) 19.686 0.001 
 No 17 (34.0) 43 (76.8) 
Senior CT Radiographer       
 Yes  49 (98.0) 9 (16.1) 71.563 0.001 
 No 1 (2.0) 45 (80.4) 
All Radiologists       
 Yes  17 (34.0) 10 (17.9) 3.626 0.057 
 No 33 (66.0) 46 (82.1) 
All Paediatric CT Radiographers     
 Yes  17 (34.0) 6 (10.7) 8.430 0.005 
 No 33 (66.0) 50 (89.3) 
 
In Australia, senior radiologists and senior paediatric CT radiographers are 
significantly more likely to be involved in updating protocols, and it is more common for 
all paediatric CT radiographers in a hospital to participate in CT scan protocol decisions. 
Results from Table 4.11 also indicate that in both Australia and Saudi Arabia, CT scan 
protocols do not generally involve departmental discussions; that the heads of department 
do not normally participate in CT scan protocol decisions; that Australian senior 
radiologists are far more involved in CT scan protocol decisions than Saudi Arabian senior 
radiologists; that in both Australia and Saudi Arabia, it is unusual for all radiologists to 
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participate in CT scan protocol decisions; and that in both Australia and Saudi Arabia, it is 
unusual for all paediatric CT radiographers to participate in CT scan protocol decisions. 
The overwhelming majorities of both the Australian and Saudi Arabian paediatric 
CT radiographers (98 per cent and 89 per cent, respectively) reported that their CT 
protocols were evidence-based, as seen in Table 4.12. There is no statistically significant 
difference between the Australian and Saudi Arabian responses (χ2 (1, N = 99) = 2.95 p= 
0.090). 
Table 4.12  
Is the updating of the protocol evidence-based? 
 Country  
  Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 44 (97.8) 48 (88.9) 92 (92.9) 
No 1 (2.2) 6 (11.1) 7 (7.1) 
Total 45 (100) 54 (100) 99 (100) 
 
Approximately half of Saudi Arabian paediatric CT respondents (52 per cent) keep 
reject and repeat CT scan analysis records. Conversely, Australian paediatric CT 
respondents generally do not keep these records (only 21 per cent reported having them), 
as seen in Table 4.13. This represents a significant difference (χ 2(1, N = 99), 9.80 p< 0.005). 
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Table 4.13  
Do you have reject and repeat CT scan analysis records? 
 Country  
  Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 9 (20.9) 29 (51.8) 38 (38.4) 
No 34 (79.1) 27 (48.2) 61 (61.6) 
Total 43 (100) 56 (100) 99 (100) 
 
4.2.8 Computed tomography policies. 
Most Saudi Arabian paediatric CT respondents ensure the parent/carer understands 
the impact of CT radiation on the patient, while relatively few Australian paediatric CT 
radiographers reported such policies being in place, as seen in Table 4.14. The difference 
between the Australian and Saudi Arabian proportions is significant (χ2(1, N=103) = 22.74, 
p< 0.001). 
Table 4.14  
Does your organisation have a policy to explain to the parent or carer about the impact of 
CT radiation on the paediatric patient? 
 
Country  
  
Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 17 (36.2) 46 (82.1) 63 (61.2) 
No 30 (63.8) 10 (17.9) 40 (38.8) 
Total 47 (100) 56 (100) 103 (100) 
Saudi Arabian and Australian paediatric CT respondents reported discussing 
radiation doses with parents and carers to a similar degree, as seen in Table 4.15. There is 
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no significant difference between the proportions of Australian and Saudi Arabian 
paediatric CT radiographers reporting ‘Yes’ or ‘Sometimes’ (χ2(2, N=105) = 1.21, p= 0.547). 
Table 4.15  
Does the discussion with parents or carers involve explanation about radiation doses? 
 Country  
 Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 17 (34.7) 24 (42.9) 41 (39.0) 
No 6 (12.2) 4 (7.1) 10 (9.5) 
Sometimes 26 (53.1) 28 (50.0) 54 (51.4) 
Total 49 (100)  56 (100) 105 (100) 
 
Saudi Arabians generally discuss the risks with the parent or carer more than 
Australian paediatric CT respondents, as seen in Table 4.16. There is a significant 
difference between the proportions of Australian and Saudi Arabian paediatric CT 
radiographers reporting ‘Yes’ or ‘Sometimes’ ( χ2(2, N=106) = 11.81, p< 0.05). 
Table 4.16  
Is the parent or carer informed about the risk involved in the paediatric CT? 
 Country  
 Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 15 (30.6)  30 (53.6)  45 (42.9)  
No 12 (24.5)  2 (3.6) 14 (13.3) 
Sometimes 22 (44.9) 24 (42.9) 46 (43.8) 
Total 49 (100)  56 (100) 105 (100) 
 
Almost half of the Australian paediatric CT respondents (44 per cent) believe that 
fewer than 20 per cent of people understand the risks involved in CT, while Saudi Arabian 
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paediatric CT respondents believe parents and carers have a better understanding (see 
Table 4.17). The difference between the patterns of Australian and Saudi Arabian 
responses is significant (χ2(4, N=106) = 12.57 p< 0.05). 
Table 4.17  
What percentage of parents or carers do you think understand the radiation risk of CT 
examinations? 
 
Country 
 
Period Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Less than 20% 22 (44.0)  11 (19.6) 33 (31.1)  
21–40% 11 (22.0) 19 (33.9) 30 (28.3) 
41–60% 11 (22.0) 17 (30.4) 28 (26.4) 
61–80% 5 (10.0) 2 (3.6) 7 (6.6) 
81–100% 1 (2.0) 7 (12.5) 8 (7.5) 
Total 50 (100) 56 (100) 106 (100) 
 
4.2.9 Ratings of computed tomography radiation dose. 
The mean ratings of radiation dose for CT scans on the head, chest and 
abdomen/pelvis perceived by Australian paediatric CT respondents were significantly 
lower than those perceived by their Saudi Arabian counterparts, as seen in Table 4.18. 
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Table 4.18  
Mean ratings of CT scan dose (0 = low, 10 = high). 
 Country  
 Australia Saudi Arabia  
No Question N M SD N M SD t p 
Q9.a Do you think the radiation 
dose for a head CT scan in 
your department is ... (0 = 
low, 10 = high)? 
49 3.6 2.21 56 5.1 2.04  -3.5 0.001 
Q9.b Do you think the radiation 
dose for a chest CT scan in 
your department is ... (0 = 
low, 10 = high)? 
48 3.8 2.70 56 5.5 1.75 -3.6 0.000  
Q9.c Do you think the radiation 
dose for an abdomen/pelvis 
CT scan in your department 
is ... (0 = low, 10 = high)? 
48 4.2 2.77 56 6.5 2.06 -4.9 0.000  
Note. N = Number of participants; M = Mean, SD = Standard Deviation 
 
The mean ratings of radiation risk for CT scans on the head and chest perceived by 
Australian paediatric CT respondents were not significantly different from those given by 
Saudi Arabian paediatric CT respondents. However, Australians’ mean ratings for 
abdomen/pelvis CT scans were significantly lower (t(102) = -2.256, p < 0.05), as seen in 
Table 4.19. 
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Table 4.19  
Mean ratings of CT radiation risk (0 = low, 10 = high). 
 Country  
 Australia Saudi Arabia  
No Question n M Sd n M sd T P 
Q10.a How do you rate the risk 
to the patients of the CT 
radiation in paediatric 
examination of the head... 
(0 = low, 10 = high)? 
48 4.4 2.60 56 4.9 2.26 -1.1 0.30 
Q10.b How do you rate the risk 
to the patients of the CT 
radiation in paediatric 
examination of the chest... 
(0 = low, 10 = high)? 
48 5.1 2.47 56 5.3 2.01 -0.5  0.61 
Q10.c How do you rate the risk 
to the patients of the CT 
radiation in paediatric 
examination of the 
abdomen/pelvis... (0 = 
low, 10 = high)? 
48 5.5 2.41 56 6.5 2.12 -2.3 0.026 
Note. n = Number of participants; M = Mean, sd= Standard Deviation 
4.2.10 Dose intervention. 
Significantly more Australian paediatric CT respondents (96 per cent) intervene to 
reduce dose than Saudi Arabians (73 per cent) (χ2(1, N=102) = 9.67, p < 0.005), as seen in 
Table 4.20. 
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Table 4.20  
Do you undertake dose intervention for paediatric CT? 
 Country  
 Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 45 (95.7) 40 (72.7) 85 (83.3) 
No 2 (4.3) 15 (27.3) 17 (16.7) 
Total 47 (100.0) 55 (100.0) 102 (100.0) 
 
Of those paediatric CT radiographers who do intervene, Australians intervene more 
frequently than Saudi Arabian paediatric CT radiographer, as seen in Table 4.21. The 
difference between Australian and Saudi Arabian data (‘every time’ versus all other 
options) is significant (χ2(4, N=84) = 23.95, p< 0.001). 
Table 4.21  
If you undertake dose intervention for paediatric CT, how often? 
 
Country  
Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
n      (%) 
Every time 36 (81.8)  15 (37.5)  51 (60.7)  
1 in 3 3 (6.8)  10 (25.0) 13 (15.5) 
1 in 5 2 (4.5)  4 (10.0)  6 (7.1)  
1 in 10 0 (0.0)  10 (25.0) 10 (11.9) 
Other 3 (6.8)  1 (2.5)  4 (4.8)  
Total 44 (100)  40 (100) 84 (100) 
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4.2.11 Perceptions of cancer risk from computed tomography. 
Although the majority of Australian (94 per cent) and Saudi (78 per cent) paediatric 
CT radiographers believe that the risk for cancer to the patient is increased as a result of a 
CT, Table 4.22 shows that a significantly greater percentage of Australian paediatric CT 
respondents believe this (χ2(1, N=104) = 5.17, p < 0.05).  
Table 4.22  
Do you believe that the risk for cancer to the patient is increased because of a CT scan? 
 
Country  
Item Australia 
n       (%) 
Saudi Arabia 
n          (%) 
Total 
   n      (%) 
Yes 46 (93.9)  43 (78.2)  89 (85.6) 
No 3 (6.1)  12 (21.8) 15 (14.4) 
Total 49 (100) 55 (100) 104 (100) 
 
The mean ratings of cancer risk given by Australian paediatric CT radiographers 
was significantly higher than that given by Saudi Arabian paediatric CT radiographers (see 
Table 4.23).  
Table 4.23  
Rate your understanding of the risk of cancer to the patient that results from a CT scan (0 = 
low, 10 = high). 
Country n Mean sd T P 
Australia 49 6.16 2.29  
3.942 
 
< 0.05 
Saudi Arabia 53 4.19 2.72 
 
The data shown in Table 4.24 indicate that 88 per cent of Australian paediatric CT 
respondents believe that over 60 per cent of CT scans are justified, whereas only 9 per cent 
of Saudi paediatric CT respondents believe this; the difference between these proportions 
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is significant (χ2(4, N=106) = 70.35, p < 0.001). This indicates that Saudi Arabian paediatric 
CT radiographers have less confidence in the clinicans’ referrals for paediatric CT than 
Australian paediatric CT radiographers. There are a number of potential explanations for 
this observation. First, it is possible that Australian paediatric CT radiographers are more 
confident in the clinicians’ understanding of the risks in referring the patient for a CT 
examination. Second, Australian paediatric CT radiographers may have more confidence in 
the clinicians’ understanding of the clinical benefits of the examination.  
Table 4.24  
What percentage of paediatric CT scan requests do you think are justified? 
 
Country 
 
Item Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Less than 20% 1 (2) 15 (26.8) 16 (15.1) 
21–40% 0 (0) 20 (35.7) 20 (18.9) 
41–60% 5 (10) 16 (28.6) 21 (19.8) 
61–80% 24 (48) 5 (8.9) 29 (27.4) 
81–100% 20 (40) 0 (0) 20 (18.9) 
Total 50 (100) 56 (100) 106 (100) 
 
4.2.12 Computed tomography education and training. 
More Australian (96 per cent) paediatric CT respondents than Saudi Arabian (59 
per cent) paediatric CT respondents reported participating in training and education, as 
seen in Table 4.25. Further, of those that reported regularly participating in CPD, 
Australian paediatric CT radiographers participated more frequently than Saudi Arabians. 
The difference between Australian and Saudi Arabian data is significant (χ2(4, N=105) = 
22.399, p < 0.005). 
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Table 4.25  
How often do you participate in training and education about paediatric CT? 
 
Country 
 
Period Australia 
n        (%) 
Saudi Arabia 
n         (%) 
Total 
n         (%) 
Monthly 8 (16.3)  2 (3.6) 10 (9.5)  
Once in 3 months 16 (32.7) 11 (19.6) 27 (25.7) 
Once in 6 months 9 (18.4) 6 (10.7) 15 (14.3) 
Once a year 14 (28.6) 14 (25) 28 (26.7) 
Never 2 (4.1) 23 (41.1) 25 (23.8) 
Total 49 (100) 56 (100) 105 (100) 
 
In-house training is not a common method of education for Saudi Arabian 
paediatric CT radiographers, unlike for their Australian counterparts, as seen in Table 4.26. 
Similar proportions of Australian and Saudi Arabian paediatric CT respondents attended 
workshops, seminars and conferences. Self-directed study is significantly more common 
among Australian (52 per cent, as compared to 21 per cent for Saudi repondants). While a 
higher proportion of Saudi Arabian (25 per cent, as compared to 8 per cent) paediatric CT 
respondents attended accredited courses conducted by professional associations. 
Postgraduate study is relatively rare among Saudi Arabian (2 per cent) paediatric CT 
respondents.  
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Table 4.26  
What training activities do you participate in? 
 Country 
 Activities Australia 
  n        (%) 
Saudi Arabia 
     n         (%) 
χ2 p 
In-house training (on-the-job training)    
     
 Yes  41 (82) 18 (32.1) 26.6 < 0.001 
 No 8 (16) 36 (64.4) 
Workshop, seminars and conference     
 Yes  26 (52) 24 (42.9) 1.091 0.296 
 No 23 (46) 32 (57.1) 
Self-directed study 
      
 Yes  26 (52) 12 (21.4) 11.80
4 
< 0.005 
 No 23 (46) 43 (76.8) 
Accredited courses conducted by professional associations    
 Yes  4 (8)  14 (25) 5.216 < 0.05 
 No 45 (90) 42 (75) 
Postgraduate awards courses conducted by universities         
 Yes  8 (16) 1  (1.8) 7.051 < 0.01 
 No 41 (82) 55 (98.2) 
 
4.3 Results for Protocol Survey 
The protocol details were collected for 0–2, 3–6, 7–12 and 12–15-year-old patients 
from every CT department. Only four out of seven (57 per cent) Australian paediatric CT 
departments responded to this part of the survey, while all eight (100 per cent) Saudi 
Arabian CT departments responded to this survey. This data is reported in Appendix 4.1. 
Across all age ranges and scan regions, there was a large variation in scan settings; for 
example, tube voltages for a 0–2-year-old head scan ranged from 110 kV to 160 kV, and 
tube current ranged from 96 mA to 270 mA. It should also be noted that the collected 
protocols did not always include all relevant parameter settings; for example, the 
abdomen/pelvis scan from S.2.A.12 for ages 0–2 is missing the ‘collimation of multi-slice’, 
‘scan field of view’ and other parameters. This incomplete data set limits the ability to 
directly compare one CT department protocol with another.  
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In addition to collecting the protocols, all heads of department were asked to define 
how often their CT scanners were serviced, and whether there was a QA programme in the 
department. As seen in Table 4.27, the most common periods for performing servicing 
were half-yearly (36 per cent) and quarterly (27 per cent). Approximately half (55 per cent) 
of paediatric CT radiographers indicated that their department had a QA program. 
Table 4.27  
Frequency of CT machine servicing. 
Code Machine Service QA Manufacturer Model Year Installed 
A.1    Half-Yearly Yes Siemens 16 2004 
A.2   Quarterly Yes Phillips 64 2005 
A.5   Quarterly No Phillips 64 2006 
A.7  - - Toshiba 16 2003 
B.1 Monthly Yes General Electric 64 2005 
B.2    Half-Yearly Yes General Electric 1  
B.3  Quarterly No Toshiba 64 2007 
B.4    Half-Yearly Yes Siemens 4 2005 
B.5   Monthly No General Electric 16  
B.6    Half-Yearly No General Electric 4 2002 
B.7   When breakdown Yes Siemens 1 2005 
B.8    When breakdown No General Electric 1 2008 
 
4.4 Discussion 
This survey aimed to evaluate the existing knowledge and attitudes of paediatric 
CT radiographers in Australia and Saudi Arabia regarding CT doses for paediatric patients. 
A primary research question was: What are the differences, if any, between Australian and 
Saudi Arabian paediatric CT radiographers in terms of their knowledge about and attitudes 
towards CT doses in paediatric imaging? This research used mixed methodologies, 
including a quantitative survey, dosimetry and qualitative interview, to collect data from 
paediatric CT radiographers. The dosimetry and qualitative interview will be described in 
Chapters 5–6 and 7–8 respectively. In this section, the results of the quantitative survey are 
discussed. 
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4.4.1 Age and gender. 
An equal gender distribution was observed among the Saudi Arabian participants, 
while there were 1.7 times as many female as male participants from Australia (but no 
significant difference in the proportions). No previous studies of paediatric CT 
radiographers describe the impact of gender on survey outcomes. The age distributions of 
Saudi Arabian and Australian paediatric CT radiographers were not significantly different. 
It can be confidently stated that the differences in age and gender distributions have little 
or no impact on the outcome of this survey. 
4.4.2 Qualifications. 
To begin to describe levels of knowledge, participants were asked about the 
qualifications they held when they commenced working as paediatric CT radiographers. 
Basic qualifications provide practitioners with the foundational knowledge, concepts and 
skills to perform their roles and meet their responsibilities. According to Dreyfus’ model of 
skill acquisition, people with basic qualifications but no work experience can be identified 
as novices (Eraut, 1994). Although the novice does not have any clinical experience in 
terms of handling hospital equipment, he or she is nonetheless prepared with the theoretical 
knowledge necessary to carry out the work.  
It was fount that Saudi Arabian paediatric CT radiographers were less qualified on 
beginning work than their Australian counterparts; approximately 50 per cent held a 
Diploma as their basic medical imaging qualification, whereas 69 per cent of Australians 
reported a degree as their basic qualification. This result can be interpreted as showing that 
Saudi Arabian participants entered the workforce with adequate knowledge to perform the 
task, but potentially insufficient knowledge to analyse the CT radiation risk for paediatric 
patients and to intervene.  
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4.4.3 Employment status and experience. 
Most (53 per cent) of the Australian participants had work experience of more than 
five years, compared with only 17 per cent of the participants from Saudi Arabia. This 
shows that Saudi Arabia has proportionally fewer senior working paediatric CT 
radiographers than Australia. This could be due to the more rapid growth of Saudi CT 
departments compared to Australian departments, which in turn would require a greater 
number of recent graduates.  
4.4.4 Paediatric computed tomography radiographers’ attitudes. 
The survey results showed that the Australian paediatric CT radiographers enjoyed 
their work more than the participants from Saudi Arabia. Australians and Saudi Arabians 
reported similar attitudes toward the following: 
• View of CT as a future career, 
• Familiarity with CT equipment, 
• Confidence with CT equipment, 
• Accessing resources to improve CT knowledge, 
• Wanting to advance skills in paediatric CT. 
Statistical analysis of these findings tells us that there is no significant difference in 
the attitudes of paediatric CT radiographers from Australia and Saudi Arabia that might 
have affected their practice toward paediatric CT imaging. This indicates that paediatric 
CT radiographer job satisfaction is not a reliable indicator of many metrics that indicate 
their level of proficiency at CT scanning. Our survey results showed that there was no 
significant difference in attitudes to working in paediatric CT between paediatric CT 
radiographers from the two groups. In contrast, the knowledge aspect was significantly 
different between the two. 
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4.4.5 Factors that may affect existing knowledge. 
Individuals’ knowledge can be influenced by several factors. Knowledge can be 
related to educational background, length of work experience and involvement in 
workplace discussions and education regarding current evidence-based research and 
protocols.  
4.4.5.1 Length of work experience. 
Through work experience, the individual acquires a more holistic approach in 
dealing with situations. The novice will move from a level of rigid theoretical application 
to an application of abstract principles gained from lived experience, thereby becoming 
more knowledgeable and competent. In line with this, the data show that paediatric CT 
radiographers from Australia as a group have more years of work experience than 
paediatric CT radiographers from Saudi Arabia. The possible relationship between length 
of work experience and the existing knowledge of the participants is discussed later in 
section 8.2.3. 
 4.4.5.2 Continuing professional development. 
Continuing education is a way to refresh and update the knowledge of workers, in 
this case, paediatric CT radiographers, so that they may continue being effective and 
competent professionals (Muhogora et al., 2003). Paediatric CT radiographers can be 
involved in continuing education by keeping up to date with the protocols for CT scan 
dosage and imaging procedures that are implemented in their hospitals, and by being 
actively involved in the development of protocols. Being actively involved is the best way 
to be knowledgeable about the details and requirements of implemented policies. 
Moreover, this increases the likelihood of strict implementation of policies because 
paediatric CT radiographers are directly involved in policy-making. If not directly involved 
in protocol development, as is common in both Australia and Saudi Arabia, paediatric CT 
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radiographers should at least keep themselves informed about updates to protocols. For 
widespread dissemination, workshop training and seminars are often used to communicate 
recent updates and to solicit support and advocacy from paediatric CT radiographers 
themselves. If seminars and training are not used, paediatric CT radiographers will be less 
well-informed and consequently less able to effectively minimise their dose to patients.  
The results from this survey indicate that CPD is more widely practised among 
Australian paediatric CT radiographers than Saudi Arabian paediatric CT radiographers. 
Earlier research from Henwood et al. (2004) found that a lack of CPD participation could 
lead to poor employee retention and problems in career advancement for paediatric CT 
radiographers. If this conclusion is projected onto the Saudi Arabian survey results, it is 
clear that Saudi radiography departments can expect employee retention and career 
advancement problems. 
 4.4.5.3 CT protocol updates. 
Most of the Australian paediatric CT respondents (55 per cent) stated that CT scan 
protocols could be updated anytime. This indicates flexibility in the governing bodies that 
propose, discuss and implement changes in the policies, although the lack of a fixed 
schedule or time frame for evaluating and re-evaluating protocols may result in dormancy. 
However, the next most frequent response was that protocols could be updated monthly. 
This suggests that Australian CT scan protocols are frequently updated, so paediatric CT 
radiographers need to be vigilant in keeping themselves informed. Further, frequent 
protocol update may lead to problems in terms of implementation of protocol because 
paediatric CT radiographers may not be able to familiarise themselves with implemented 
protocol if changes are too frequent. 
Conversely, 34 per cent of the paediatric CT radiographers from Saudi Arabia 
stated that their CT protocols are updated every year—much less frequently than cited by 
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most Australian paediatric CT radiographers. Therefore, it is possible that Saudi Arabian 
paediatric CT radiographers have ample time to understand and implement the changes 
made in the protocols. In line with this, Moss and McLean (2006) stressed the importance 
of protocol reviews. Protocol reviews are meant to evaluate whether existing policies aid in 
reaching the desired outcomes—to decrease the radiation exposure of paediatric patients 
and limit it to a reasonably low dose. Therefore, updating protocols is an important step in 
ensuring the adherence of paediatric CT radiographers to existing rules. It also gives the 
health care system feedback on how protocol can be improved based on current evaluation 
and health care outcomes.  
 4.4.5.4 Involvement in CT scan protocol discussions. 
For both Australian and Saudi Arabian paediatric CT radiographers, the survey 
showed that involvement of paediatric CT radiographers in discussions of CT scan 
protocols is very uncommon. The results show that paediatric CT radiographers—the staff 
performing CT imaging and directly responsible for delivering CT doses—are not 
consulted during the making of important health protection policies.  
4.4.5.5 Evidence-based CT scan protocols. 
Most of the participants from Saudi Arabia and Australia agreed that CT scan 
protocols implemented in their hospitals are evidence-based. Therefore, if implementation 
of these protocols is fully understood and paediatric CT radiographers comply, CT practice 
is geared towards evidence-based practice. As discussed in the literature review, Soye and 
Paterson (2008) noted that there are several gaps in the translation of evidence-based 
protocols into the actual practice of paediatric CT radiographers. However, these can be 
addressed through training. 
 4.4.5.6 Policies on explaining CT radiation impact on the paediatric patient. 
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Formal policies about informing caregivers about the effects of radiation are likely 
to mean that paediatric CT radiographers know how to incorporate this sensitive topic into 
their CT scan practice. Survey results revealed that most Saudi Arabian paediatric CT 
radiographers ensure that the caregiver understands the impact of CT radiation on the 
patient. However, Australian paediatric CT radiographers were relatively unlikely to report 
the existence of such policies. Even physicians and medical imaging professionals may 
lack adequate knowledge regarding dosages associated with common diagnostic 
procedures. Seeram (2009) noted that paediatric CT radiographers are expected to ensure 
that proper dosages of radiation are given when doctors are unable to fulfil this role.  
 This finding suggests that there is a need to further empower paediatric CT 
radiographers in the field of CT dosage through improving organisational policies. Policies 
can be an important educational mechanism, helping professional paediatric CT 
radiographers to ensure safe practice and quality service to paediatric patients—especially 
in the case of less experienced workers. Mettler (2004) emphasised that basic education 
only provides theoretical knowledge and fundamental concepts, and that paediatric doses 
in radiation exposure are not a major topic of discussion during undergraduate studies.  
4.4.6 Understanding of computed tomography radiation dose. 
Paediatric CT radiographers were asked to describe their knowledge and practices 
of CT radiation dose. 
 4.4.6.1 Explanation of radiation doses. 
Over one-third of participants from both countries reported that they explain 
radiation doses to parents or caregivers of paediatric patients. As Larson (2007) explains, 
informing parents of the risks of CT radiation improves parental understanding and does 
not result in refusal of diagnostic scans. However, it is not enough that paediatric CT 
radiographers explain the radiation dose to caregivers; what is more important is their own 
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understanding of radiation doses and of the need to explain them to parents. This leads us 
to paediatric CT radiographers’ perceptions of how parents understand the concept of 
radiation dose and the risks it brings to a paediatric patient. 
 4.4.6.2 Informing parents about risk to paediatric patients. 
Based on the results of the survey, proportionately more paediatric CT 
radiographers in Saudi Arabia inform caregivers about the risk involved in CT imaging. 
This finding may be related to the higher incidence of Saudi CT radiographers’ reports of 
policies guiding practice in Saudi Arabia. The implication is that policies are important in 
the knowledge formation and consequent practice of paediatric CT radiographers regarding 
CT imaging. 
Jacob et al. (2004) revealed that there were few radiologists and paediatric CT 
radiographers in the UK who were knowledgeable about the risks of CT imaging. As 
Muhogora et al. (2006) emphasised, training and establishment of policies are important in 
knowledge formation. The lack of training and established protocols in Australia in 
comparison to Saudi Arabia arguably resulted in the lower rates of paediatric CT 
radiographers who explain the risks of paediatric CT imaging to parents or caregivers. 
 4.4.6.3 Parents’ understanding of radiation risk. 
It is important that parents of paediatric CT patients are fully informed of the risk 
associated with the procedure, to de-mystify the science and prevent misunderstandings. 
Overall, Australian paediatric CT radiographers reported a lower percentage of parents’ 
understanding of radiation risk than did Saudi paediatric CT radiographers. Almost half 
(44 per cent) of the paediatric CT respondents from Australia believed that fewer than 20 
per cent of parents of paediatric patients understood their explanations of radiation risks, 
whereas only 20 per cent of paediatric CT respondents from Saudi Arabia gave the same 
answer. This perception could be due to the lower rates of explanation reported by 
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Australian paediatric CT radiographers. By extension, the higher rate of informing 
caregivers about radiation risks among Saudi paediatric CT radiographers may indicate a 
greater understanding of radiation risk than that held by Australian paediatric CT 
radiographers. This possibility was further investigated in the in-depth interview. 
Why, given Australian paediatric CT radiographers’ relatively high level of 
qualifications and training, might their understanding of radiation risks be poorer than that 
of Saudi Arabian paediatric CT radiographers? There is no easy answer to this question, 
but it is worth noting that previous research supports the survey finding by showing that 
there is low understanding of radiation risks among practice professionals (Bulas et al., 
2009a). Even paediatric CT radiographers, who should ideally be very knowledgeable 
regarding the risks associated with CT imaging, may be no better informed than lay people. 
If this is the case, it is not surprising that paediatric CT radiographers may be unable or 
unwilling to try to communicate understanding of radiation risks to parents or caregivers. 
4.4.7 Ratings of radiation dose and risk. 
Knowledge of radiation dosage during CT imaging is very important for assessing 
the risk to the patient. The results of the survey show that paediatric CT respondents from 
Australia perceived radiation dose as lower for the head, chest and abdomen in comparison 
to the paediatric CT respondents from Saudi Arabia. Further, Australian paediatric CT 
radiographers gave similar scores for the radiation dose for head and chest CT imaging, as 
did Saudi Arabian paediatric CT radiographers, but both gave higher scores for the 
radiation dose for abdomen/pelvis scans. This is further evidence of paediatric CT 
radiographers’ poor understanding of radiation risks, because the radiation dose received 
by the head is in fact several times greater than that received by the abdomen/pelvis during 
a CT scan (Gray et al., 2005). Scores given by Saudi Arabian paediatric CT radiographers 
for the risk resulting from abdomen/pelvis scans were significantly higher than those given 
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by Australians, further underscoring Saudi paediatric CT radiographers’ need for greater 
education about the relative risks of scans on different regions of the body. 
The AIR advocates for the welfare and safety of patients (2003) and it can be 
argued that the influence of this advocacy is manifested in the Australian paediatric CT 
radiographers’ perceived low dosage of radiation exposure for paediatric patients. 
Therefore, despite the lack of policies that promote explanation of radiation risks to 
paediatric patients and their carers, the Australian radiography establishment advocates for 
minimising radiation exposure (AIR, 2003). 
In contrast to the Australian situation, the absence of a nationwide or widely 
accepted code of ethics for CT practice regarding radiation dosage in Saudi Arabia may 
have resulted in Saudi Arabian paediatric CT radiographers’ perceived high radiation 
dosage for patients. Saudi Arabian policies on reducing radiation dosage are specific to 
certain public paediatric hospitals only; there is no nationwide implementation of a policy 
for reducing radiation dosage to address concerns of radiation risk among paediatric 
patients.  
4.4.8 Dose intervention. 
The survey results showed that significantly more paediatric CT radiographers (96 
per cent) from Australia participated in dose intervention than paediatric CT radiographers 
from Saudi Arabia (73 per cent). As discussed in Section 4.4.7, Saudi Arabian paediatric 
CT radiographers feel that on average they give higher doses of radiation to patients than 
Australian paediatric CT radiographers. This suggests that relatively more Saudi Arabian 
paediatric CT radiographers should practise dose intervention for CT because they believe 
they administer higher radiation doses. However, this is not the case. 
In this study, Saudi Arabian paediatric CT radiographers reported having shorter 
average work experience than Australians. However, the results of this study showed that 
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the length of work experience does not necessarily result in a stronger knowledge base. 
This mirrors the findings of Shiralkar et al. (2003), who found that a radiographer’s 
seniority was inversely proportional to their knowledge. Continuing education is still the 
key to a stronger knowledge base among professionals (Muhogora et al., 2006). 
4.4.9 Frequency of dose intervention. 
Most Australian paediatric CT radiographers (82 per cent) intervene with radiation 
dose ‘everytime’, but only 38 per cent of Saudi Arabians reported doing so (despite Saudi 
respondants reporting higher rates of informing caregivers). This can be attributed to the 
fact that there are no existing policies on reducing radiation dosage in Saudi Arabia. 
Therefore, even when Saudi Arabian paediatric CT radiographers are asked to give a dose 
they perceive as too high, they do not have the ability and knowledge, or perhaps the 
confidence, to reduce the dosage. In other words, Saudi Arabian paediatric CT 
radiographers do not intervene due to the gap between evidence-based protocols and their 
translation into actual practice (Soye & Paterson, 2008). 
The finding that Saudi Arabian paediatric CT radiographers intervene relatively 
infrequently despite perceiving relatively higher radiation doses is in line with the results 
of Soye and Paterson (2008) who found that paediatric CT radiographers in Northern 
Ireland often overlook paediatric radiation doses. This makes it difficult to change or lower 
doses for this population, who are at a vulnerable age and at increased risk for radiation 
exposure. Similarly, Lee et al. (2004) revealed that radiologists were not able to accurately 
estimate radiation doses despite extensive experience, which corresponds with the results 
of this study showing that experience does not determine expertise and knowledge 
regarding radiation risks.  
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4.4.10 Risk of cancer from a computed tomography scan. 
Significantly more Australian than Saudi Arabian paediatric CT radiographers (93 
per cent and 78 per cent respectively) believe that cancer is a health risk of CT imaging. 
Despite this difference, both proportions are higher than those measured by previous 
authors (Lee et al., 2004; Heyer et al., 2009; Thomas et al., 2006) who found that very low 
percentages of physicians understand the ALARA principle in CT imaging. Paediatric CT 
radiographers need to have up-to-date knowledge regarding delivering the lowest amount 
of radiation that will produce correct images during CT procedures.  
 4.4.10.1 Understanding of risk of cancer. 
Australian paediatric CT radiographers’ mean perception of cancer risk related to 
CT scans was significantly higher than that of Saudi Arabian paediatric CT radiographers. 
This result conflicts with the earlier finding that a higher proportion of Saudi Arabians 
were able to inform parents and caregivers on radiation risks, suggesting that while Saudi 
Arabian paediatric CT radiographers explain radiation risks to parents or caregivers as part 
of the policies implemented in their hospital, they do not fully understand this concept. 
Minimising radiation exposure is best achieved through continuing education, as suggested 
by Muhogora et al. (2003). 
 4.4.10.2 What percentage of paediatric CT scans is justified? 
A large majority (88 per cent) of the Australian paediatric CT radiographers 
believed that over 60 per cent of their CT scan requests for paediatrics were justified, 
whereas the corresponding figure for the Saudi Arabians was only 8.9 per cent. The Saudi 
Arabian paediatric CT radiographers believed that most of their paediatric CT referrals 
were not justified. In relation to the previous discussion on dose intervention, this indicates 
that Saudi Arabian paediatric CT radiographers recognise the inappropriateness of 
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radiation dosage for paediatric patients, but that they do not act on this, resulting in a lower 
rate of dose intervention compared to Australians. 
4.4.11 Frequency of participation in training and education. 
Both groups indicated that workshops and seminars are the most frequent method 
of training. Self study is not considered a contributing factor to education, a finding 
supported by Scutter and Halkett’s (2003) conclusion that practitioners do not have time to 
update their knowledge by reading journal articles. Overall, Australian paediatric CT 
radiographers participate in training and education more frequently than Saudi Arabian 
paediatric CT respondents. The difference in frequency is significant, and this finding may 
well explain the apparent difference in the knowledge of paediatric CT radiographers in 
both countries. As all studies in the literature review suggested training and establishment 
of protocols are core components in improving the knowledge base of paediatric CT 
radiographers. The more frequent training and education received by Australian paediatric 
CT radiographers may be a determining factor in their increased rate of dose intervention 
and reported understanding of the risk of cancer. 
These findings tell us that there is indeed a gap in the knowledge base of both 
Australian and Saudi Arabian paediatric CT radiographers. However, these identified gaps 
in knowledge can be strengthened through the enhancement of hospital protocols and by 
encouraging participation in CPD activities. Australian paediatric CT radiographers lack 
adequate hospital policies with respect to protocol and radiation dose, while the Saudi 
Arabian paediatric CT radiographers are relatively lacking in training and workshops. This 
implies that policies should be established that mandate attendance at workshops and 
training regarding updates on radiation doses. As the results of this research show, 
paediatric CT radiographers do not update their knowledge on their own. 
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4.4.12 Protocol survey. 
The response rate from Australian hospitals was low compared to the response rate 
from Saudi Arabian hospitals. A better response rate could have given a more complete 
picture of paediatric CT practice in Australia.  
4.4.13 Effect on dosimetry study. 
One of the additional outcomes from the protocol survey was to review the CT 
protocols used in departments, to select approriate protocols and age ranges for the 
dosimetry measurements to be conducted in the dosimetry section of the project, which is 
discussed in Chapter 5. A review of the paediatric protocols indicated that the range of CT 
protocols used in paediatrics is vast. Taking dosimetry readings for all protocols and age 
ranges though every hospital would have been prohibitively time consuming and may have 
unduly affected patient care in the department in which the dose measurements were to be 
taken. Each department indicated that they used a ‘general’ or ‘routine’ protocol for head, 
chest and abdomen/pelvis CT scans that were not specific in their clinical indications. It 
was decided that these types of protocols appeared to be the most commonly used and 
would be reperesentative of a typical paediatric CT of the region. The age range selected 
for dosimetry measurements was the 3–6 years range. This age range was also thought to 
be the most common age range for CT diagnostic use. Further discussion on this can be 
found in Chapter 5.  
 
4.5 Summary 
There are some significant differences in the knowledge bases of paediatric CT 
radiographers from Australia and Saudi Arabia. This difference can be attributed to the 
existing health policies or protocols implemented in their hospitals, as well as the received 
training and activities for continuing education in both groups. While Saudi Arabian 
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paediatric CT radiographers revealed the existence of a number of policies guiding their 
explanation of radiation dose to parents of paediatric patients, their Australian counterparts 
lacked such policies. This increased the ability of the Saudi Arabian paediatric CT 
radiographers to inform parents regarding radiation dose and risk; this also led to their 
perception of a greater proportion of parents having an understanding of the radiation dose.  
Conversely, Australian paediatric CT radiographers engage in more frequent dose 
intervention activity than Saudi Arabian paediatric CT radiographers. This can be related 
to their relatively frequent training and workshops, as well as frequent updates of CT 
protocols. These findings are congruent with the results of the studies reviewed and 
discussed in the literature review, in which training of paediatric CT radiographers and 
establishment of CT protocols are identified as essential to the improvement of the 
knowledge of these CT practitioners. It follows that education and protocols are the major 
factors influencing the knowledge base of the paediatric CT radiographers from both 
counties. Therefore, inadequacy in training and/or protocols also resulted in knowledge 
deficiencies, particularly with respect to radiation dose in CT imaging among paediatric 
patients. 
It was also found that there was no significant difference in the attitudes of 
Australian and Saudi Arabian paediatric CT radiographers towards the radiation dose from 
CT imaging for paediatric patients. This implies that the attitudes of paediatric CT 
radiographers do not strongly influence their knowledge and practice of CT imaging. 
These findings suggest that efforts should be directed at improving the knowledge base of 
paediatric CT radiographers to minimise radiation exposure among paediatric patients. 
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Chapter 5: Dosimetry Methods in Computed Tomography 
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5.1 Introduction 
As discussed in Chapter 2, the risk to patients of developing cancer as a result of 
CT scanning increases with the dose delivered by the scanner. For this reason, measuring 
the accurate dose delivered by a CT scanner is of great importance (Chodick et al., 2009). 
The CT scanner dosimetry measurements were taken at each Australian and Saudi Arabian 
paediatric hospital. These measurements were used to create paediatric dose reference 
levels (RL) similar to the DRLs for each region. Further, the measurements and RL data 
provided information for the in-depth interview of paediatric CT radiographers.  
The purpose of these dosimetry measurements was to compare paediatric CT doses 
using the paediatric department’s scanning parameters. The variation of dose between CT 
departments cannot solely be due to variation between manufacturers, as all CT vendors 
incorporate different dose-limiting features into their scanners (NEMA, 2011). Indeed, it is 
not clear from the literature what effect the differing manufacturers or models have on 
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patient dose, although Shrimpton et al. (2005) have shown that there is an effect on patient 
dose from different scanners. What is clear is that there is a need for increased awareness 
among radiology staff of CT dose management (Muhogora et al., 2009).  
The main research project, of which this is a sub-section, has as its aim an 
understanding of paediatric CT radiographers’ knowledge about dose in paediatric CT. As 
part of the project, this dosimetry section is designed to provide a comparison of paediatric 
CT radiographers’ beliefs about the effects of their CT protocols. This would provide 
paediatric CT radiographers with an objective method of comparison of where the dose 
from their paediatric CT protocols sits in relation to other paediatric CT departments. If the 
paediatric CT radiographers’ understanding was found to not be congruent with the data, 
they would need to undertake education about CT dose and change paediatric CT protocols 
so that their department’s dose reflects an accurate understanding. Further, using this 
methodology, changes to paediatrics CT dose training for paediatric CT radiographers can 
be examined.   
This chapter outlines the relevant background material from which the dosimetry 
methodology was derived to complete the dosimetry measurements for the research. The 
concepts of CT dose are explained and the instrumentation for its measurement descibed.  
 
5.2 Specific Dose Unit for Computed Tomography 
The CT dose index (CTDI) is the primary metric for measuring the dose from CT 
scanners. It is a measure of the amount of radiation delivered from a series of contiguous 
irradiations to a standardised acrylic phantom. It is measured from one axial CT scan being 
one rotation of the x-ray tube and detectors (AAPM, 1990; Menzel, Schibilla & Teunen, 
1999). Shope et al. (1981) demonstrated the mathematical equivalence between the scan 
intensive multiple scan average dose (MSAD) and the CTDI, which is able to be measured 
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using only one scan (one gantry rotation) when certain criteria are met with regard to the 
length of the ionisation chamber and the length of the clinical scan being assessed. 
The CTDI is the currently accepted appropriate descriptor, with its subdescriptors, 
for CT dose (EC, 1997; Shope et al., 1981). CTDI is commonly measured inside a water-
equivalent phantom, but can also be measured with an ion chamber ‘free-in-air’; that is, 
without any phantom (ImPACT, 2006; Thomson & Tingey, 1997). CTDI is a measurement 
of dose absorbed at the centre of rotation, and is a local dose descriptor of the dose output 
for scanners. The CTDI is defined as the radiation dose, normalised to beam width and 
measured using a 100 mm length of a pencil-shaped ionisation chamber. 
5.2.1 CTDIAIR. 
The dose free-in-air (CTDIAIR) can be determined by positioning an ionisation 
chamber at the isocentre of the scanner, ensuring that its axis is aligned to the axis of 
rotation (Edyvean, 1998; Nagel, 2000). The ionisation chamber must extend beyond the 
end of the couch so as to avoid couch attenuation and be held firmly in place. The detector 
can be aligned by scanning or by using a laser pointer (Nagel, 2000). It is also 
recommended to use a spirit level to ensure that the ionisation chamber is placed 
horizontally (Edyvean, Lewis & Britten, 1997).  
5.2.2 CTDI100. 
The CTDI100 measurement is specifically made to correspond to the 100 mm length 
of a pencil ionisation chamber, and is computed as shown in Equation 1:  
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Where D(z) = the radiation dose profile along the z-axis, N = the number of 
tomographic sections imaged in a single axial scan  and T = the width of the tomographic 
section along the z-axis (AAPM, 1990; Jucius & Kambic, 1980; McNitt & Gray, 2002). 
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However, over longer scan lengths, CTDI100 underestimates the equilibrium dose delivered 
to patients (Boone, 2007; McCollough et al., 2008). 
As recently pointed out by McCollough et al. (2011), the CTDI and DLP displayed 
on the console are not equivalent to patient dose. Rather, they are measurements of 
radiation output from the CT scanner. This makes the console CTDI alone a poor choice 
for estimating patient dose, without applying modification factors to account for the size of 
the patient (McCollough et al., 2010; Turner et al., 2010). 
Previous studies have attempted to measure the deviation between console data and 
external dosimetry measurements. A notable example is Cohnen et al. (2003), who 
compared calculated radiation doses to TLD-measured organ doses within an 
anthropomorphic phantom. A regression line was modelled through the data and the 
goodness of fit to this line was reported as a measure of accuracy of their calculations. 
Similarly, Brix et al. (2004) compared embedded thermoluminescent dosimeter (TLD) in 
an anthropomorphic phantom to calculated nCTDIw values for a range of CT protocols 
and plotted a linear regression line through the data.  
5.2.3 CTDIVOL. 
The volume CTDI (CTDIVOL) is a direct measurement of the radiation dose in 
milli-Gray (mGy), delivered to the scan volume for a standardised CTDI phantom 
(IECMEE, 2002). The CTDIVOL accounts for the gaps or overlaps between consecutive 
rotations, and variations in dose across the field of view (FOV). The CTDIVOL is a useful 
indicator of the radiation output for a specific exam protocol because it takes into account 
protocol-specific information such as pitch. However, it is important to realise that 
CTDIVOL is not a direct measurement of dose absorbed by the patient; it is a standardised 
measure of radiation output in the CT environment (Boone, 2007). 
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5.2.4 Dose length product. 
To better represent the overall energy delivered by a given scan protocol, the 
CTDIVOL can be integrated along the scan length to compute the DLP (Jessen et al., 2000; 
Menzel, Schibilla & Teunen, 1999). The DLP reflects the integrated radiation output and 
thus the potential biological effect attributable to the complete scan acquisition; for 
example, an abdomen-only CT exam might have the same CTDIVOL as an abdomen/pelvis 
CT exam, but the latter exam would have a greater DLP proportional to the greater z-extent 
of the scan volume. DLP gives an estimated effective dose value without taking into 
account the tissue weighting factor.  
  
5.3 Measurement Instruments 
The three main dosimeters used in CT are the ionisation chamber, the TLD and 
radiographic film (Bauhs et al., 2008). The ionisation chamber is essential for CT 
measurements—it is a custom-designed air-filled chamber, shaped like a pencil, with an 
active length of 100 mm. It can be used as a free-in-air instrument, or embedded in a 
phantom to measure CTDIVOL (Bauhs, Vrieze, Primak, Bruesewitz, McCollough, 2008; 
Nagel, 2000). A volume of air at atmospheric pressure between two electrodes is the active 
ionisation area, which stimulates a current between the anode and cathode. The total 
charge carried through the device is recorded on an electrometer. Ionisation chambers are 
fragile devices and need to be handled with care. 
TLDs have various advantages over other dosimeters, including a) a wide and 
useful dose range, b) no need for high voltage or cables, c) small physical size and d) 
ability to measure tissue equivalence dose for most types of radiation, particularly when 
dose prediction is challenging. This is also true in situations in which dose prediction does 
not form part of the usual verification process (Aschan, 1999). In CT, dose profiles are 
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measured by looking at the TLDs stacked through the slice width or along the z-axis plane. 
The process used by the TLDs is known as electron trapping (ICRU, 2005; Nagel, 2000).  
Dose profiles can also be detected using a special type of radiographic film that 
allows exposure to a particular beam width. The dose profile can be plotted after 
processing by measuring the optical density of the film using a microdensitometer. This 
method is less accurate than the ionisation chamber and TLD because the sensitivity of 
radiographic film can vary with differences in x-ray energy (Edyvean et al., 1998). 
However, it is still widely used for determination of dosimeter placement via qualitative 
mapping of the dose profile. 
 
5.4 Indirect Modelling of Organ Dose 
 As well as directly measuring the dose to organs, there are two methods for the 
indirect modeling of dose to patients using mathematical methods. These are Monte Carlo 
calculations (ImPACT, 2006; Jones & Shrimpton, 1993; Kramer et al., 1991; Stamm & 
Nagel, 2002) and organ dose databases (Jones & Shrimpton, 1991; Schlattl, Zankl & 
Petoussi-Henss, 2007; Zankl, Panzer & Drexler, 1993). 
Monte Carlo calculations use advanced statistical techniques to model the 
interactions of radiation with matter, including models of the human body. Using an 
algortihm, programs such as the Monte Carlo N-Particle code use many random iterations 
of photon flights and probability matrices to model the absorbance of dose to voxels 
defined in the target material (Los Alamos National, 2011). This method relies on 
mathematical approximations to reality and is time consuming and not suitable to directly 
measure CT scanner protocols (Chodick et al., 2009). 
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Organ dose databases (Zankl et al., 1993) provide a Monte Carlo generated model 
of organ doses from CT scans. The limitation of this approach is that it is not always 
realistic nor available for all ages of patient (Chodick et al., 2009). 
The DLP and CTDIVOL parameters are measurements of the output of the CT 
scanner, which can be used to provide an approximation of the dose delivered to the 
patient. This is accomplished by a dose conversion factor often denoted as f or k. The dose 
conversion factor is calculated by assuming mean values of CT variables, which adds a 
level of uncertainty and is again not a direct measurement of CT dose. This is not available 
universally on all CT scanners, but it is useful as a comparison between different protocols 
(IEC, 2002).  
 
5.5 Computed Tomography Dose Index Measurement Using Phantoms 
There are two options for making CT radiation measurements: the human body and 
tissue-equivalent phantom material. There are limitations to in vivo dosimetry, which is the 
direct measurement of dose to a patient. In vivo dosimetry is restricted to measuring the 
surface dose (the entrace or exit dose) of a CT scan, or measuring rectum dose via a 
catheter (Risberg et al., 2004). This renders in vivo dosimetry incapable of directly 
measuring the absorbed dose to the majority of the human body, so approximations must 
be made to calculate organ doses. In addition, in vivo dosimetry is not ideal for comparing 
CT protocols between hospitals. Rather, a standardised measurement device should be 
used. 
Polymethyl methacrylate (PMMA), also known by the commercial names 
Plexiglass and Perspex, is a transparent plastic that closely models the x-ray absorption 
properties of human tissue, and is therefore used extensively in dosimetry measurement 
(Münstedt, Entezami, Wartenburg & Kullmer, 2000). A standard PMMA phantom is used 
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to make measurements of the CTDI. Each of these phantoms has five ionisation chamber 
sockets, one located at the isocentre, with the other four 1 cm below the surface at the 12, 
3, 6 and 9 o’clock positions. When these sockets are not being used as ionisation chambers, 
they are filled with separate PMMA rods so as to avoid an air gap. The sockets are 
designed to exactly fit the ionisation chamber, which is 10 mm in diameter and 15 cm in 
length. The ionisation chamber is 10 cm in length and 8 mm in diameter, but is protected 
by a sleeve of 10 mm diameter (Nagel, 2000). 
To establish CTDI, the central dose is typically measured three times and an 
average is calculated. One measurement is taken at each of the four peripheral locations (3, 
6, 9 and 12 o’clock) and the mean of these is found to give the peripheral value (CTDI100p), 
as calculated in Equation 2 (European Communities, 1997): 
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The overall CTDI in water (CTDIw) is then calculated by a weighted mean of the 
peripheral (2/3) and central (1/3) CTDI measurements, as shown in Equation 3 (European 
Communities, 1997): 
 ),100(
3
2),100(
3
1)( pCDTIcCDTIwCTDI +=        (3) 
As patients differ in size and body composition, it is often difficult to obtain 
reliable values of patient doses from phantoms. If scan parameters are kept constant for all 
CT examinations, much larger doses will result with paediatric patients than with adults. 
This ‘one-size-fits-all’ adult model underestimates the paediatric CT radiation dose 
displayed on the console of current CT scanners (Strauss et al., 2009). 
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5.6 Effective Dose 
 Effective dose is a concept that reflects the stochastic risk (for example, cancer 
induction) from an exposure to ionising radiation (ICRP, 1991; McCollough & Schueler, 
2000). Effective dose is an estimate of whole body dose from an inhomogeneous exposure, 
such as a CT examination, measured in Sieverts (Sv). It attempts to take into consideration 
the differing radio sensitivities of organs by applying tissue weighting factors (ωT) to the 
concentration of energy deposited in the organ (IECMEE, 2002; McNitt & Gray, 2002). 
Effective dose reflects radiation detriment averaged over gender and age; its use has 
several limitations when applied to medical populations (ICRP, 1991, 2007). By 
comparing patient effective dose to background radiation dose from natural sources, 
which. in the US, averages 3 mSv per year with a range of 1–10 mSv (NCRPM, 1987), 
patients and their families are better able to put the risk associated with medical doses into 
perspective. The effective radiation doses received by children are about 50 per cent higher 
than those received by adults, due to their smaller body size and related attenuation (Huda, 
2002a, 2002b).      
 
5.7 Chosen Methodology  
The options for measuring dose from a CT scanner have been described above. The 
methodology used in these dosimetry measurements will now be detailed. The aim is to 
address study aim 4, as previously stated in Section 1.4 and reproduced below: 
4. Measure actual paediatric CT scan radiation doses given in Australian and 
Saudi Arabian public paediatric hospitals. 
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5.7.1 Justification of choice of method. 
5.7.1.1 Protocols selected. 
The purpose of this methodology was to compare doses from CT scanners using the 
paediateric CT departments’ standard routine protocol for three different anatomical 
regions. The three anatomy regions of head, chest and abdomen/pelvis were selected since, 
according to published figures, 62 per cent of paediatric CT scans are on the head, 17 per 
cent on the thorax/chest and 7 per cent on the abdomen/pelvis region (Nievelstein, van 
Dam & van der Molen, 2010).  
One of the additional outcomes from the protocol survey in Chapter 4 was to 
review the CT protocols used in departments, to select approriate protocols and age ranges 
for the dosimetry measurements. A review of the paediatric protocols indicated that the 
range of CT protocols use in paedatrics is vast. Taking dosimetry readings for all protocols 
and age ranges though every hospital would have been prohibitively time consuming and 
may have unduly affected patient care in the department where the dose measurements 
were to be taken. Each department indicated they used a ‘general’ or ‘routine’ protocol for 
head, chest and abdomen/pelvis CT scans that were not specific in the their clinical 
indications. It was decided that these types of protocols appeared to be the most commonly 
used and would be reperesentative of a typical paediatric CT of the region. The 3–6 age 
range is thought to be the most common age for CT scanning so this age range was 
selected as a sample to compare CT doses for the department’s protocols. 
5.7.1.2 Use of external phantom. 
The comparison of doses delivered by a department’s protocol relative to other 
paediateric CT departments is the main purpose of this research, not measurements of the 
absolute dose. As different CT manufacturers implement individual parameters in a variety 
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of ways, simply comparing parameter sets between CT departments would not yield a 
meaningful comparison of dose to the patient. Therefore, an external phantom 
measurement was necessary to compare radiation dose between different departments. 
Bearing in mind that a standard phantom is not equivalent to a child’s head, chest or 
abdomen area, this method was not designed to give an absolute measure of what a child 
would receive if having that exam protocol performed. Instead, a standard phantom allows 
for standardised comparison between departments. A PMMA phantom (PTW Freiberg, 
Germany) was selected. 
5.7.1.3 Time considerations. 
The scans were undertaken with the permission and cooperation of the department. 
In gaining this permision and cooperation, consideration of the departments’ sacrificing of 
scanner time was an important factor in selecting the research’s methods for dose 
measurement. To minimise the time needed in each department, it was decided to measure 
only the most common CT protocol, or the routine protocol for that region, and only one 
age group. Further, the peripheral chambers of the PMMA phantom were not used, to 
reduce the time necessary to complete the scans. The method chosen for dosimetery 
measurments was consistent across all departments. The measurement chosen was based 
on the CTDIVOL, as it is a scan of 100 mm through the phantom, not just a single slice. 
With the method of dosimetry measurements selelcted, the paediateric CT departments’ 
protocols could be compared regardless of the collimation or slice thickness used in their 
standard age 3–6 protocols for head, chest and abdomen/pelvis scans.  
5.7.2 Instrumentation. 
A small cylindrical PMMA phantom was used to approximate a child’s head, chest 
or abdomen/pelvis, measuring 15 cm in length and 16 cm in diameter. A free air ionisation 
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chamber (PTW-Freiburg TM3009-00749) is located in the central socket, connected to a 
DIADOS dosimeter (PTW-Freiburg 2008). 
5.7.3 Dosimetry methods. 
5.7.3.1 Calibration and measurement. 
To establish the protocol for the measurement of the radiation dose, the dosimeter 
and standard phantom were temporarily installed in a CT scanner at the Royal Children’s 
Hospital in Melbourne, Australia. The hospital’s paediatric CT radiographers were 
provided with a protocol for performing paediatric CT scans for head, chest and 
abdomen/pelvis. This data was assessed as being appropriate for this research. The 
researcher then visited the seven Australian and eight Saudi Arabian hospitals and 
performed CT scan dosimetry using the calibrated dosimeter and phantom. 
5.7.3.2 Scanning protocol. 
Radiation dose measurements were obtained using the department’s standard 
protocol for the 3–6 year age group for CT scans of the head, chest and abdomen/pelvis 
using a CT phantom measurement cylinder with a 16 cm diameter. Dose measurements 
were obtained from all public paediatric hospitals in Australia (designated A1 to A7) and 
Saudi Arabia (designated B1 to B8). Table 5.1 provides details of CT scanners, noting that 
eight models of CT scanners manufactured by four different companies were in use at the 
15 participating hospitals.     
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Table 5.1  
CT units within hospitals. 
Country Hospital Code Manufacture Model No. of rows of detectors (slices) 
Australia A1 Siemens Sensation 16 
Australia A2 Philips Brilliance 64 
Australia A3 
General 
Electric 
Light 
Speed VCT 64 
Australia A4 Toshiba Aquilion 64 
Australia A5 Philips Brilliance 64 
Australia A6 Siemens 
Somatom 
Sensation 64 
Australia A7 Toshiba Aquilion 16 
Saudi Arabia B1 Toshiba Aquilion 64 
Saudi Arabia B2 Siemens Emotion 1 
Saudi Arabia B3 
General 
Electric 
Light 
Speed VCT 64 
Saudi Arabia B4 Siemens Somanta 6 
Saudi Arabia B5 
General 
Electric 
Light 
Speed 16 
Saudi Arabia B6 
General 
Electric Hispeed 4 
Saudi Arabia B7 Siemens Emotion 1 
Saudi Arabia B8 Siemens Emotion 1 
 
The phantom was scanned using the paediatric CT departments’ protocols for 
each region and the charge induced in the ionisation chamber was recorded using a 
diagnostic dosimeter and CT probe (PTW DIADOS, Freiburg, Germany). This charge, 
measured in nC, was converted to mGy.cm using the established conversion factor for the 
ionisation chamber of 85.84 mGy.cm/nC. The phantom was scanned over a range of 100 
mm, placing the CT probe in the central chamber only. The purpose of scanning over this 
volume was to eliminate differences due to slice/beam thickness, number of slices and 
pitches between each department’s protocols. Each CT scan used the department ‘routine’ 
protocol for each anatomical region and was repeated three times. Where provided by the 
CT manufacturer, volume CTDI (CTDIVOL) and/or DLP were recorded for each scan. 
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The CT radiation dose was measured under the standard protocols for children aged 
3–6 years in all Australian and Saudi Arabian public paediatric hospitals.  
  
Figure 5.1. The phantom centred within the gantry. 
The probe was inserted in the middle of the central hole of the phantom and the 
phantom was aligned so the long axis was along the long axis of the CT table. The 
phantom was centred within the gantry (see Figure 4.2) and the CT probe within the 
phantom, then a CT scan scout was performed (see Figure 4.3). 
The hospital department’s paediatric protocols for head, chest and abdomen/pelvis 
were selected to scan the phantom over a range of 10 cm, being 5 cm on either side of the 
centre of the probe. The scan dose and the scan parameters used were recorded in a 
specially designed chart (see Appendix 5.1). If the paediatric department’s CT scanner 
provided and displayed measurements of the CTDI or DLP on the console, these were also 
recorded in the chart. If the CT only provided a CTDI or another dose reading for the entire 
procedure, this was recorded at the end of the session. The dosimeter was zeroed, the scan 
undertaken and the dose recorded. Three scan were performed using each of the paediatric 
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department’s head, chest and abdomen/pelvis protocols, making a total of nine scans per 
department.  
 
Figure 5.2. The scout image of the DIADOS dosimeter ionisation chamber in the central 
hole of the PMMA phantom. 
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Figure 5.3. The phantom with probe inserted. 
 
The mean of the three dosimetry readings for each body region scan per hospital 
was used in analysis. From the dosimetry data, RLs were calculated using the developed 
RL methodology for each CT anatomical region in each country. The RL methodology is 
similar to DRL in which dosimetry data is placed in rank order. The 75th percentile is used 
as a threshold, with hospitals above it classified as delivering ‘unreasonable’ doses 
(Matthews & Brennan, 2009; Wallace, 2010). 
5.7.3.1 Timeline for dosimetry. 
Dosimetry was undertaken in Australia over the period September to October 
2010, and in Saudi Arabia from December 2010 to January 2011.  
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5.7.3.2 Data analysis. 
To determine whether there was a statistically significant difference between the 
Australian and Saudi Arabian hospital CT protocols for each anatomical region (head, 
chest and abdomen/pelvis), the measured doses were compared using Student’s t-tests with 
confidence level set at 95 per cent. MINITAB v16 was the statistical analysis package used 
for these calculations. The definition used for an outlier data point is a point that falls more 
than 1.5 times the interquartile range above the third quartile, or below the first quartile 
(WolframMathworld, 2011). 
Dosimetry measurements were also compared to their recorded CT console data 
to examine the level of correlation between console data and externally measured 
dosimetry. This correlation analysis is similar to that used by other researchers (Abdul 
Rahman et al., 2011; Brix et al., 2004; Brown & Day, 2010; Cohnen et al., 2003). As part 
of the data analysis, RLs for comparison between departments were made. The RLs were 
generated from the dosimetry data and from CTDI and DLP data displayed on the CT 
console of each CT department, when this data was available.  
 
5.8 Summary 
The different approaches to measuring and comparing dose from CT scanners has 
been reviewed, and a methodology has been selected and justified based on the overall 
aims of this project. A 16 cm diameter PMMA phantom with ionisation chamber was 
selected to measure the CTDIVOL and DLP for each public paediatric CT scanner in 
Australia and Saudi Arabia, and to collect any available CT console data of CTDI or DLP. 
This data was used to generate dose RLs for each country. The data were also used in the 
interviews to assist in analysing the interviewees’ knowledge of and attitude towards their 
department protocol. These interviews are discussed in Chapters 7 and 8.  
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The methodology chosen to measure the CT doses is not that which is usually used 
to obtain DRLs. The method of dose measurement chosen was to simulate clinical 
examinations and then compare paediatric CT scanners. This method prevents the dose 
reading becoming solely dependent upon factors such as beam energy (kVp) and tube 
current (mA), incorporating the CT protocols such as the choice of slice/beam thickness, 
number of slices within the 100 mm volume use and the pitch factor selected. In choosing 
this method, it is hoped that this simple approach to dose measurement and subsequent 
comparison to data provided on the CT console of DLP and CTDIVOL will enable others to 
compare their dose reading to the reference level obtained from dedicated paediatric CT 
scanners. 
The materials and methods for the dosimetry measurements used in this reesaerach 
have been detailed in this chapter.The results of these measurements are presented in 
Chapter 6. 
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Chapter 6: Dosimetry Results 
 
 
6.1 Introduction 
6.2 Australian Dosimetry Results 
6.2.1 Australian Head Dosimetry 
6.2.2 Australian Chest Dosimetry 
6.2.3 Australian Abdomen/Pelvis Dosimetry 
6.3 Saudi Arabian Dosimetry Results 
6.3.1 Saudi Arabian Head Dosimetry 
6.3.2 Saudi Arabian Chest Dosimetry 
6.3.3 Saudi Arabian Adbomen/Pelvis Dosimetry 
6.4 Head Dosimetry Results – Both Countries 
6.5 Chest CT Dose – Both Countries 
6.6 Abdomen/Pelvis CT Dose – Both Countries 
6.7 Comparison of Single-slice and Multi-slice CT scanners 
6.8 Comparison Between Console Data and External Measurements 
6.9 Discussion 
6.10 Summary 
 
6.1 Introduction 
This chapter describes the results of the dosimetry studies of paediatric Saudi 
Arabian and Australian CT scanners, as detailed in the previous chapter. A discussion of 
the relevance of these results is then presented. The objective is to address study aim 4 as 
stated in Section 1.4 and reproduced below: 
4. Measure actual paediatric CT scan radiation doses given in Australian and 
Saudi Arabian public paediatric hospitals. 
This was accomplished by using a standard 16 cm PMMA phantom and ion 
chamber to take dosimetry readings of head, chest and abdomen/pelvis scans at every 
public paediatric hospital in Australia and Saudi Arabia. From this data, RLs are generated 
and potential areas for improvement can be identified. Further, CT console data is 
compared to external dosimetry measurements to assess the degree of linearity between 
expected and measured dosimetry results.  
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6.2 Australian Dosimetry Results 
6.2.1 Australian head dosimetry. 
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Figure 6.1. Mean head dose delivered in the seven Australian public paediatric hospitals. 
As Figure 6.1 shows, the head doses delivered by standard paediatric CT protocol 
in the Australian hospitals varied enormously. Note the clustering of six doses in the range 
137.6–315.1 mGy.cm and the outlier at 528.0 mGy.cm. The doses of hospitals A1 and A7 
lie above the 75th percentile. The criteria for an outlier was less than 13.1 mGy.cm, or 
greater than 496.3 mGy.cm.  
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6.2.2 Australian chest dosimetry. 
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Figure 6.2. Mean chest dose delivered in the seven Australian public paediatric hospitals. 
The clustering in Figure 6.2 is similar to that observed in Figure 6.1, with six 
hospitals delivering standard doses in a small range between 21.8 and 53.1 mGy.cm. 
However, the maximum datapoint (at 92.5 mGy.cm) is not the same hospital as the outlier 
in Figure 6.1—this time it is hospital A2. As the criteria for an outlier was less than -19.9 
mGy.cm, or greater than 96.9 mGy.cm, there were no outliers. 
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6.2.3 Australian abdomen/pelvis dosimetry. 
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Figure 6.3. Mean abdomen/pelvis dose delivered in the seven Australian public paediatric 
hospitals. 
The distribution of mean abdomen/pelvis radiation doses shown in Figure 6.3 is 
different to those shown in Figure 6.1 and Figure 6.2, with four hospitals clustered tightly 
at the low end of the range (24.9–36.4 mGy.cm), a fifth hospital (A6) in the middle of the 
range at 72.8 mGy.cm, and two datapoints at over 100 mGy.cm each.  Note that these two 
maximum data points (A2 and A5) were also the hospitals that delivered the highest chest 
doses (see Figure 6.5). The criteria for an outlier was  less than -102.3 mGy.cm, or greater 
than 245.3 mGy.cm. There were no outliers. 
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6.3 Saudi Arabian Dosimetry Results 
6.3.1 Saudi Arabian head dosimetry. 
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Figure 6.4. Mean head dose delivered in the eight Saudi Arabian public paediatric 
hospitals. 
Figure 6.4 shows that the head doses delivered by standard paediatric CT protocol 
in the Saudi Arabian hospitals varied from just below 200 mGy.cm to 416.3 mGy.cm. The 
criteria for an outlier was less than -9.9 mGy.cm, or greater than 649.3 mGy.cm. There 
were no outliers. 
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6.3.2 Saudi Arabian chest dosimetry. 
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Figure 6.5. Mean chest dose delivered in the eight Saudi Arabian public paediatric 
hospitals. 
Chest doses delivered by standard paediatric CT protocol in the Saudi Arabian 
hospitals (see Figure 6.5) varied from below 30 mGy.cm to 84.5 mGy.cm. The criteria for 
an outlier was less than -6.6 mGy.cm, or greater than 128.5 mGy.cm. There were no 
outliers. 
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6.3.3 Saudi Arabian abdomen/pelvis dosimetry. 
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Figure 6.6. Mean abdomen/pelvis dose delivered in the eight Saudi Arabian public 
paediatric hospitals. 
Abdomen/pelvis doses delivered by standard paediatric CT protocol in the Saudi 
Arabian hospitals (see Figure 6.6) varied from 29.0 mGy.cm to 111.1 mGy.cm – a factor of 
nearly four. The criteria for an outlier was less than 1.3 mGy.cm, or greater than 129.9 
mGy.cm. There were no outliers. 
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6.4 Head Dosimetry Results – Both Countries 
Figure 6.7 shows the mean head doses delivered in the seven Australian and eight 
Saudi hospitals. 
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Figure 6.7. Mean head dose delivered in the Australia and Saudi Arabian public paediatric 
hospitals. 
The head doses from paediatric CT scan protocols in the Australian hospitals had 
greater range than the Saudi Arabian scans. However, the Australian data include a cluster 
of six doses in the range 137.6 to 315.1 mGy.cm with a maximum at 528.0 mGy.cm being 
the only dose produced by an Australian CT head scan protocol above the 75th percentile 
RL. The criteria for an outlier was less than -9.9 mGy.cm, or greater than 619.4 mGy.cm. 
There were no outliers. The RL is exceeded by three of the eight Saudi Arabian hospitals 
sampled, indicating that the Saudi dose distribution is skewed to the right of the Australian 
distribution. As can be seen in Figure 6.7, five of the six highest CT head scan doses are 
from Saudi Arabian CT departments. 
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The head doses delivered by standard paediatric CT protocol in the Saudi Arabian 
hospitals varied from just below 200.0 mGy.cm to 416.3 mGy.cm. The variation in the 
range of doses from CT head scan protocols in Saudi Arabian public paediatric hospitals is 
less than that in Australian public paediatric hospitals. 
With the exception of hospital A7, at 528.0 mGy.cm, Australian paediatric CT head 
scan doses were lower than most Saudi Arabian doses, although the overall variation in 
Saudi Arabian paediatric CT head scan doses was less than observed in the Australian data. 
The mean Australian paediatric CT head scan dose was not significantly lower than the 
mean Saudi Arabian paediatric CT head scan dose by 2-sample Student’s t-test (280.1 
mGy.cm v. 323.3 mGy.cm, p=0.438). However, when the 528.0 mGy.cm Australian 
datapoint was removed, the difference was weakly significant (238.8 v. 323.3, p<0.10). 
Table 6.1 lists CT head scan doses in ascending order and compares the external 
dosimetry measurement to the console CTDI and DLP. 
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Table 6.1  
Reference levels from Australian and Saudi Arabian paediatric hospital head scans. 
Hospital Code Dosimetry Reading 
mGy.cm 
Data from CT Scan 
    CTDI (mGy)         DLP (mGy.cm) 
A4 Australia 137.6 14.8 183.1 
A3 Australia 194.3 22.56 243 
B8 Saudi Arabia 196.7 -∗ -* 
B3 Saudi Arabia 226.1 41.78 305.3 
A2 Australia 229.1 22.90 357.3 
B2 Saudi Arabia 270.7 -* -* 
A5 Australia 273.6 27.3 368.3 
A6 Australia 282.8 35.50 440 
A1 Australia 315.1 39.79 499 
B6 Saudi Arabia 325.3 -* -* 
B4 Saudi Arabia 359.7 -* -* 
B1 Saudi Arabia 383.4 80.26 363.8 
B5 Saudi Arabia 408.3 58.64 733.25 
B7 Saudi Arabia 416.3 -* -* 
A7 Australia 528 66.4 843 
 
6.5 Chest Dosimetry Results – Both Countries 
The Australian paediatric CT chest data is similar in distribution to the CT head 
data in that there is an overall lower grouping, with six hospitals delivering standard doses 
in a small range between 21.8 and 53.1 mGy.cm. The criteria for an outlier was  less than -
34.6 mGy.cm, or greater than 133.9 mGy.cm. There were no outliers. The maximum 
reading, from hospital A7, was 92.5 mGy.cm, but this was not the same outlier hospital for 
the Austalian CT head values. The 75th percentile for the Australian hospitals was at 52.1 
mGy.cm.  
The CT chest doses delivered by standard paediatric CT protocol in the Saudi 
Arabian hospitals varied from below 30 mGy.cm to 84.5 mGy.cm. The 75th percentile for 
                                                          
∗
 According to personal communications with Seimens engineering, the CTDI and DLP data is not available 
on this version of console software. 
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Saudi Arabian hospitals was at 77.8 mGy.cm. As can be seen in Figure 6.8, five of the six 
highest doses are from Saudi Arabia.  
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Figure 6.8. Mean chest dose delivered in Australian and Saudi Arabian public paediatric 
hospitals. 
          Generally, the Australian CT chest doses were lower than most Saudi Arabian doses. 
The mean Australian chest CT dose was not significantly lower than the mean Saudi 
Arabian dose by 2-sample Student’s t-test (41.7 mGy.cm v. 60.3 mGy.cm, p=0.127) until 
the Australian maximum datapoint was removed (33.3 v. 60.3, p<0.05). 
Table 6.2 shows chest CT doses measured at Australian and Saudi Arabian 
paediatric hospitals. 
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Table 6.2  
Reference levels from Australian and Saudi Arabian paediatric hospital chest scans. 
Hospital Code Dosimetry Reading 
mGy.cm 
Data from CT Scan 
 CTDI (mGy)                DLP (mGy.cm) 
A4 Australia 21.8    2.9 35.6 
A7 Australia 23.9    4.0 44.3 
B4 Saudi Arabia 27.6    
-
∗
 
-
*
 
A1 Australia 28.6    1.63 23 
A3 Australia 32.8    1.43 20.48 
A6 Australia 39.4    2.22 32 
B8 Saudi Arabia 42.1    -* -* 
B6 Saudi Arabia 50.0    -* -* 
A5 Australia 53.1    2.74 44.80 
B3 Saudi Arabia 62.1    5.97 102.88 
B7 Saudi Arabia 65.3    -* -* 
B2 Saudi Arabia 70.7    -* -* 
B5 Saudi Arabia 80.2    8.70 161.98 
B1 Saudi Arabia 84.5    12.87 182.0 
A2 Australia 92.5    4.70 76.1 
 
6.6 Abdomen/Pelvis Dosimetry Results—Both Countries 
The distribution of Australian mean abdomen/pelvis radiation doses shown in 
Figure 6.9 is different to those shown in Figure 6.7 (head) and Figure 6.8 (chest), with four 
hospitals clustered tightly at the low end of the range (24.9–36.4 mGy.cm), a fifth hospital 
(A6) in the middle of the range at 72.8 mGy.cm, and two datapoints over 100 mGy.cm 
each. The criteria for an outlier was less than -44.1 mGy.cm, or greater than 159.9 
mGy.cm. There were no outliers. 
                                                          
∗
 According to personal communications with Seimens engineering, the CTDI and DLP data is not available 
on this version of console software. 
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Figure 6.9. Mean abdomen/pelvis doses delivered in Australian and Saudi Arabian public 
paediatric hospitals. 
          
Note that the two maximum datapoints (A2 and A5) were also the hospitals that 
delivered the highest chest doses (see Figure 6.8). The 75th percentile for Australian 
hospitals was at 113.9 mGy.cm. The CT abdomen/pelvis doses delivered by standard 
paediatric CT protocol in the Saudi Arabian hospitals varied from below 30 mGy.cm to 
111.1 mGy.cm— a factor of nearly four. The 75th percentile for Saudi Arabian hospitals 
was at 81.7 mGy.cm. Unlike the head and chest dose distributions, the Saudi Arabian 
abdomen/pelvis 75th percentile value is lower than the Australian 75th percentile value.  
As can be seen in Figure 6.9, four of the six highest abdomen/pelvis doses are from 
Saudi Arabian CT departments, and four of the five lowest doses were from Australian CT 
departments. Figure 6.9 shows an unusual distribution of radiation doses, with clusters 
around 30.0 mGy.cm, 70.0 mGy.cm and 115.0 mGy.cm. Saudi and Australian doses 
exhibit very similar ranges, although four of the seven Australian doses are in the 30 
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mGy.cm cluster. The mean Australian abdomen/pelvis CT dose was not significantly 
different from the mean Saudi Arabian dose (61.1 mGy.cm v. 69.4 mGy.cm, p=0.637). 
However, a difference of weak significance was achieved after two Australian maximum 
datapoints and one Saudi maximum datapoint was removed (38.9 v. 63.4, p<0.10). 
Table 6.3 shows chest CT doses measured at Australian and Saudi Arabian 
paediatric hospitals.  
Table 6.3  
RL from Australia and Saudi Arabia abdomen/pelvis scan. 
Hospital Code Dosimetry Reading 
mGy.cm 
Data From CT Scan 
    CTDI (mGy)       DLP (mGy.cm) 
A3 Australia 24.9 1.08 15.81 
A4 Australia 28.0 3.1 39.4 
B4 Saudi Arabia 29.0 -∗ -* 
A1 Australia 32.4 1.77 28 
A7 Australia 36.4 5.6 63.4 
B6 Saudi Arabia 44.8 -* -* 
B1 Saudi Arabia 63.7 6.1 98.3 
B3 Saudi Arabia 70.9 6.7 124.2 
A6 Australia 72.8 4.11 60 
B7 Saudi Arabia 75.7 -* -* 
B2 Saudi Arabia 76.4    -* -* 
B8 Saudi Arabia 83.4    -* -* 
B5 Saudi Arabia 111.1    7.19 106.1 
A2 Australia 114.9    5.88 95.1 
A5 Australia 118.0    6.08 101.1 
 
6.7 Comparison of Single-Slice and Multi-Slice Computed Tomography 
Scanners 
Head, chest and abdomen/pelvis region CT dosimetry readings were analysed to 
determine whether there was any systematic difference between single-slice and multi-slice 
                                                          
∗
 According to personal communications with Seimens engineering, the CTDI and DLP data is not available 
on this version of console software. 
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CT scanners. Using 2-sample Student’s t-test, it was found that there was no statistically 
significant difference between the dose distributions for single-slice and multi-slice CT 
machines in the head (p=0.895), chest (p=0.435) or abdomen/pelvis (p=0.151) dosimetry 
data.  
 
6.8 Comparison between Console Data and External Measurements 
Dose data, as provided by the manufacture in the CT console were obtained from 
10 of the 15 CT scanners. Five of the CT scanners did not have the facilities to display 
DLP and CTDIVOL information and, as such, were not recorded. Figure 6.10 to Figure 6.15 
compare measured dose to the DLP and CTDIVOL information from head, chest and 
abdomen/pelvis region respectively, with their 95 per cent confidence intervals also 
displayed. From these graphs, it can be seen that the correlation between CT console date 
(be it DLP or CTDI) and the external measurement is far from perfect. In fact, only the 
head dosimetry measurements have a reliable correlation between the DLP and the external 
measurement (R2 = 0.836), but not the CTDI and external measurement (R2 = 0.727). This 
correlation is a measure of the confidence that a radiographer could have in predicting their 
dose rank (relative to other departments) from their CT console data. In other words, if the 
R2 value was close to 1, it would be possible to predict the external measurement with very 
high certainty from the CT console data. However, as the graphs illustrate, this is not the 
case. A head console DLP of 500mGy.cm would correspond to an external dosimetry of 
between ~275 and ~350, with a 95 per cent confidence. This corresponds to an error 
margin of ± 12 per cent, and is the smallest margin of error on these graphs. The AAPM 
(Mutic et al., 2003) report from task group 66 recommends that CT dosimetry be measured 
and accurate to within ±20 per cent of the manufacturer specifications. Beneath every 
graph is a summary of the residuals for each point, expressed as a percentage of the linear 
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regression fit. Residuals are defined here as the error between the measured dosimetry 
reading and the linear regression fit. 
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Figure 6.10. Console DLP v. measured head dosimetry – both countries. 
 
Table 6.4  
Console DLP v. measured head dosimetry—both countries, including residuals. 
Head 
Measured 
Dosimetry 
Head DLP 
Console Code CT Model 
Residuals 
Head DLP 
Fit 
137.6 183.1 A4 Toshiba 64 -20% 
194.3 243 A3 GE 64 -4% 
226.1 305.3 B3 GE 64 -3% 
229.1 357.3 A2 Phillips 64 -12% 
273.6 368.3 A5 Phillips 64 3% 
282.8 440 A6 Siemens 64 -6% 
315.1 499 A1 Siemens 16 -5% 
383.4 363.8 B1 Toshiba 64 46% 
408.3 733.25 B5 GE16 -9% 
528 843 A7 Toshiba 16 5% 
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Figure 6.11. Console CTDI v. measured head dosimetry—both countries. 
 
Table 6.5  
Console CTDI v. measured head dosimetry—both countries, including residuals. 
Head 
Measured 
Dosimetry 
Head CTDI 
Console Country CT Model 
Residuals 
Head CTDI 
Fit 
137.6 14.8 A4 Toshiba 64 -22% 
194.3 22.56 A3 GE 64 -9% 
226.1 41.78 B3 GE 64 -25% 
229.1 22.9 A2 Phillips 64 7% 
273.6 27.3 A5 Phillips 64 17% 
282.8 35.5 A6 Siemens 64 4% 
315.1 39.79 A1 Siemens 16 8% 
383.4 80.26 B1 Toshiba 64 -20% 
408.3 58.64 B5 GE16 8% 
528 66.4 A7 Toshiba 16 27% 
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Figure 6.12. Console DLP v. measured chest dosimetry – both countries. 
 
Table 6.6  
Console DLP v. measured chest dosimetry—both countries, including residuals. 
Chest 
Measured 
Chest DLP 
Console Country CT Model 
Residuals of 
DLP Chest 
Fit 
21.8 35.6 A4 Toshiba 64 -44% 
23.9 44.3 A7 Toshiba 16 -43% 
28.6 23 A1 Siemens 
16 
-16% 
32.8 20.48 A3 GE 64 -1% 
39.4 32 A6 Siemens 
64 
6% 
53.1 44.8 A5 Phillips 64 27% 
62.1 102.88 B3 GE 64 -1% 
80.2 161.98 B5 GE 16 -5% 
84.5 182 B1 Toshiba 64 -8% 
92.5 76.1 A2 Phillips 64 74% 
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Figure 6.13. Console CTDI v. measured chest dosimetry – both countries. 
 
Table 6.7  
Console CTDI v. measured chest dosimetry—both countries, including residuals. 
Chest 
Measured 
Chest  CTDI 
Console Country CT Model 
Residuals of 
CTDI Chest Fit 
21.8 2.9 A4 Toshiba 64 -48% 
23.9 4 A7 Toshiba 16 -50% 
28.6 1.63 A1 Siemens 16 -19% 
32.8 1.43 A3 GE 64 -5% 
39.4 2.22 A6 Siemens 64 2% 
53.1 2.74 A5 Phillips 64 28% 
62.1 5.97 B3 GE 64 6% 
80.2 8.7 B5 GE 16 10% 
84.5 12.87 B1 Toshiba 64 -11% 
92.5 4.7 A2 Phillips 64 79% 
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Figure 6.14. Console DLP v. measured abdomen/pelvis dosimetry—both countries. 
 
Table 6.8  
Console CTDI v. measured chest dosimetry—both countries, including residuals. 
Abdomen 
Pelvis 
Measured 
Dosimetry 
(mGy.cm) 
Abd Pelvis 
DLP 
Console 
(mGy.cm) 
Country CT Model 
Residuals 
DLP 
Abdomen 
Pelvis Fit 
24.9 15.81 A3 GE 64 9% 
28 39.4 A4 Toshiba 64 -32% 
32.4 28 A1 Siemens 16 0% 
36.4 63.4 A7 Toshiba 16 -39% 
63.7 98.3 B1 Toshiba 64 -27% 
70.9 124.2 B3 GE 64 -34% 
72.8 60 A6 Siemens 64 27% 
111.1 106.1 B5 GE 16 20% 
114.9 95.1 A2 Phillips 64 36% 
118 101.1 A5 Phillips 64 33% 
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Figure 6.15. Console CTDI v. measured abdomen/pelvis dosimetry—both countries. 
 
Table 6.9  
Console CTDI v. measured chest dosimetry—both countries, including residuals. 
Abdomen 
Pelvis 
Measured 
(mGy.cm) 
Abd Pelvis 
CTDI 
Console 
(mGy.cm 
Country CT Model 
Residuals 
CTDI 
Abdomen 
Pelvis Fit 
24.9 1.08 A3 GE 64 25% 
28 3.1 A4 Toshiba 64 -39% 
32.4 1.77 A1 Siemens 16 12% 
36.4 5.6 A7 Toshiba 16 -53% 
63.7 6.1 B1 Toshiba 64 -25% 
70.9 6.7 B3 GE 64 -23% 
72.8 4.11 A6 Siemens 64 24% 
111.1 7.19 B5 GE 16 13% 
114.9 5.88 A2 Phillips 64 41% 
118 6.08 A5 Phillips 64 40% 
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After it became clear that these distributions were not as strongly linear as 
expected, it raised the question of whether this could be accounted for by the difference in 
manufacturers. The tables 6.4 – 6.9 include details of the manufacturer and number of 
detectors in each scanner, for example, ‘Toshiba 64’, in each department.  When relating 
the manufacturer back to the CT, figures 6.10 - 15 illustrate that there is no manufacturer 
that systematically lies above or below the regression line across each scan region. 
Therefore the degree of nonlinearity seen in these graphs is not due to different 
manufacturers. 
Why would head console data have a better correlation to the external dosimetry 
than chest or abdomen/pelvis? One possible answer lies in the fact that due to time 
constraints, only the central phantom position was sampled with the ion chamber at each 
hospital, whereas the CTDIVOL displayed on the console should be measured using all five 
ion chamber positions with the weighted average formula stipulated in Section 5.5. As 
Table 6.10 illustrates the hospitals uniformly used 120 kVp for head scans but varied 
between 80 kVp and 120kVp for the chest and abdomen/pelvis scans. Since the depth dose 
distribution is dependent on the energy and thus the penetrative ability of the photons, it 
was hypothesised that varying the tube voltage would vary the difference between console 
DLP and CTDIVOL and the measurements taken in this study.  
This hypothesis has prior backing from Nickoloff (2002), with Figure 3 of his 
article on page 252 illustrating the effect of tube voltage on centre to surface dose 
measurements when measuring CTDI in a PMMA phantom. This led to an analysis of 
residual error (%) as a function of tube voltage. After plotting the residual errors from 
head, chest and abdomen/pelvis scans contained in Tables 6.4-6.9, the tube voltage could 
not be seen to favour a systematically lower or higher error value, as seen in Figure 6.16. A 
set of 2-sample t-tests was also conducted to compare the residual error distributions for 
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different tube voltages, and confirmed that no statistically significant difference was found 
since all p values exceeded 0.05, as seen in Table 6.11. Another theory is that the 
discrepancy between console DLP and the measured dose may be due to the size of the 
phantom used in this study, compared to the size of the patient assumed by the console 
calculations, which may be 32 cm. The calculations indicate that the DLP was an average 
of 30 per cent larger than the measured dose for any given scan. This is supported by the 
observations of Siegel (2004, Figure 3,p 518) and Shrimpton (2006), who found that dose 
measurements decrease with the increasing size of the phantom. 
According to personal correspondence with a dosimetry expert (Geso, 2011), 
disagreement between the dose measurements for CT scanners and the deduced values for 
the CTDIVOL can be attributed to the difference between the set up of the dosimeters used 
in direct measurements and the one expected to be implemented for the estimation of the 
CT dose indices. The dose indices are expected to include volume subtended by seven 
slices from each side or 10 cm length. This length limitation includes most but not all of 
the scatter generated inside the phantoms (patient), while actual measurements using full 
length dosimeters, such as the one used in this research, include all of the scatter generated 
in the patient, which can contribute to the dose along the length of the chamber.  
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Table 6.10  
Head, chest and abdomen/pelvis tube voltage for all console data hospitals. 
Hospital Head kVp Chest kVp Abdomen Pelvis kVp 
A1 120 80 80 
A2 120 120 120 
A3 120 100 100 
A4 120 120 120 
A5 120 120 120 
A6 120 100 100 
A7 120 100 100 
B1 120 120 120 
B3 120 100 100 
B5 120 120 120 
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Figure 6.16. Analysis of residuals from regression lines v. tube voltage. 
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Table 6.11  
2 Sample t-tests comparing residual error (%) between tube voltages. 
Sample A Sample B T P DF 
DLP from 80kVp DLP from 100kVp 0.13 0.900 4 
DLP from 80kVp DLP from 120kVp -1.10 0.387 2 
DLP from 100kVp DLP from 120kVp -1.17 0.261 14 
CTDI from 80kVp CTDI from 100kVp 0.31 0.788 2 
CTDI from 80kVp CTDI from 120kVp -0.44 0.736 1 
CTDI from 100kVp CTDI from 120kVp -1.06 0.310 12 
 
6.9 Discussion 
This chapter described the first direct measurements of CT radiation doses across 
multiple dedicated paediatric hospitals in Australia and Saudi Arabia. The researcher 
measured doses delivered in CT departments in seven Australian and eight Saudi Arabian 
public paediatric hospitals for three common examination types (head, chest and 
abdomen/pelvis) for the age range 3–6. 
The results show that there is large variation between hospitals in CT doses 
delivered by standard paediatric CT protocol aged 3–6 years, and that the mean doses 
delivered in Australian and Saudi Arabian CT departments are significantly different (after 
discarding outlying observations). The fact that such large variation in dose was discovered 
in paediatric CT scan protocols makes these results particularly important, as children are 
more susceptible to harm from radiation than adults (Huda 2002a, 2002b). 
Previous research involving estimated doses based on CT protocols used in the UK 
found that there was substantial variation in the paediatric CT doses delivered by different 
hospitals (Shrimpton et al. 2006). Our confirmation of Shrimpton et al.’s (2006) results 
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highlights the importance of reducing excessive CT radiation exposure. For example, the 
head scan from hospital A7 delivered 3.8 times more radiation than that delivered in 
hospital A4, and the abdomen/pelvis scan from hospital A5 delivered 4.7 times more 
radiation than that delivered in hospital A3, both deemed by the department to produce 
images of adequate quality.  
Dose RLs for CT are useful tools for lowering radiation levels (ICRP, 1996). 
However, they have only recently become a priority in Australia. The Australian Radiation 
Protection and Nuclear Safety Agency (ARPANSA) was recently tasked with generating 
representative national DRLs for diagnostic imaging modalities that use ionising radiation 
(Wallace, 2010). At the time of writing, ARPANSA was in the process of finalising 
sampling and data collection procedures (ARPANSA, 2011).  
The differences between the mean doses delivered in Australian and Saudi Arabian 
CT departments are likely to be due to different levels of radiographer education, 
awareness of radiation dose and protocols (Almohiy et al., 2010; Almohiy et al., 2010). 
Other researchers have found that understanding the factors that affect patient doses in CT 
has a large impact on delivered dose, and is usually considered as the first step in 
optimisation strategies (Muhogora et al., 2006). A 1998 study observed variation of 10–40 
per cent in the typical dose between individual scanners, largely due to imaging technique 
(Shrimpton & Edyvean, 1998). Mettler (2004) pointed out that radiographers’ basic 
education and training overlooks paediatric CT radiation doses. Similarly, the IAEA 
recommends education and training of radiographers involved in paediatric CT (IAEA, 
2002).  
The level of awareness within the radiography community of potential risks of CT 
radiation also plays a major role in dose levels. As discussed in Chapter 4,  most Australian 
and Saudi Arabian paediatric CT radiographers lack education about and awareness of the 
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importance of radiation dose in paediatric CT. Similarly, a recent survey of health 
professionals in Northern Ireland on awareness of the radiation doses imparted during 
common diagnostic imaging procedures and their long-term impact on patients 
demonstrated a knowledge gap that could be improved with appropriate training (Soye & 
Paterson, 2008). A 2006 survey in New South Wales (Australian Medicare, 2010) showed 
the need for continuing education in paediatric CT examinations (Moss & McLean, 2006).  
The results also show a variation of RL ranking within hospitals. Hospital A5 
achieved a low comparative dose ranking for CT protocols of the head and chest, yet 
provided the highest recorded dose for the abdomen/pelvis CT examinations. The situation 
was similar for hospital A7, whose head CT scan doses were the highest, while doses for 
chest abdomen/pelvis CT examinations were relatively low. This further highlights the 
need for vigilance in examining CT doses across the entire range of examinations. 
Departments considering reviewing their routine head CT scan doses can, with a high level 
of confidence, use their own CTDIVOL and DLP external measurements over 100 mm to 
determine where they are ranked against other dedicated paediatric CT scanners. 
There is no universal definition of what constitutes an acceptable value for R2 to be 
classified as strong (Brown et al., 1999), although there was good correlation (R2=0.836 
and 0.727) between the measure dose and recorded CTDIVOL and DLP for paediatric CT 
head scans respectively. The correlation for chest and abdomen/pelvis scans was 
comparatively low. This is thought to be due to the higher doses involved in the head scans 
compared to the chest and abdomen/pelvis regions and, as the statistical analysis in Section 
6.8 demonstrated this was not adequately explained as being a function of tube voltage. 
Non-paediatric CT departments may wish to compare their console data to the RLs 
documented in this chapter, in order to verify the dose of their protocols for ages 3-6. The 
most linear results were obtained from the Head DLP console results, and therefore they 
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would be the most suitable for other hospitals’ console data to be compared to. This would 
provide non-paediatric CT departments with a quick approximation of their protocol’s 
performance relative to those of dedicated paediatric departments.  
Looking at the residual error table that accompanies each graph may be more 
informative when comparing console data to externally measured dosimetry. It can be seen 
that 30 out of the 60 data points (50 per cent) used in 6.8 have a residual error of greater 
than ±20 per cent. This means that the standard method used in journal articles of gathering 
a DRL by comparing console data is likely to misrepresent the distribution of dose and 
may give radiographers false confidence in comparing their protocols to those of other 
departments. This also defends the choice of external dosimetry employed in this study, as 
it confirms that individual CT scanners cannot be compared to each other solely by console 
data. 
In retrospect, the external dosimetry measurements would have benefited from a 
full calculation of CTDIVOL and enabled a more direct comparison to console data. 
However, this would have taken longer, and the hospitals surveyed were understandably 
reluctant to delay patient care for the sake of this study. It is also worth noting that the 
objectives of these dosimetry measurements were to provide a direct comparison between 
different CT department protocols and provide data for the radiographer interview, both of 
which have been achieved. 
 
6.10 Summary 
In this study, radiation doses delivered in CT departments in seven Australian and 
eight Saudi Arabian public paediatric hospitals for three common types of examination 
(head, chest and abdomen/pelvis) were measured. The results presented in this article show 
that paediatric CT dose variation is substantial across Australian and Saudi Arabian 
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dedicated paediatric hospitals. The mean Australian paediatric CT head scan dose was not 
significantly lower than the mean Saudi Arabian dose. However, when the sole Australian 
outlier was removed, the difference was weakly significant. Similarly, the mean Australian 
chest CT dose was not significantly lower than the mean Saudi Arabian dose. Australian 
and Saudi Arabian head doses were significantly higher than chest and abdomen/pelvis 
doses. Chest doses were not significantly different from abdomen/pelvis doses in the Saudi 
data, whereas a weakly significant difference was observed in the Australian data. No 
significant difference was found between the dose distributions for single-slice and multi-
slice CT machines in any dosimetry data. 
Further, hospitals can achieve a low comparative RL ranking for some CT 
protocols (for example, chest or abdomen/pelvis), while having a high ranking on others 
(for example, head). If such internal and external dose differences can occur in dedicated 
paediatric CT departments, then it can be assumed that with less specific paediatric CT 
training and protocol development, a greater range of doses will occur in CT departments 
that only undertake occasional paediatric CT examinations.  
DRLs using externally measured dosimetry should be established for each major 
CT scan region, and specifically for paediatric patients, to find and correct such dose 
delivery variation. The results also highlight the importance of radiographers’ continuing 
education and training and regular updating of CT protocols.  
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Chapter 7: Interview Literature Review and Methodology 
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7.1 Introduction 
Previous chapters presented the participants’ perceptions about CT radiation doses 
(see Chapter 4) and the results of dosimetry measurements conducted at the seven 
Australian and eight Saudi Arabian hospitals (see Chapter 6). This chapter describes the 
qualitative method of semi-structured interview that was used in this research to answer the 
research questions. 
7.1.1 Aim of semi-structured interview. 
The objective of the interviews was to provide further understanding of the survey 
data described in Chapter 4. Specifically, the aim of the semi-structured interview is to 
address study aims 5 and 6, as stated in Section 1.4 and reproduced below:  
5. Interview Australian and Saudi Arabian paediatric CT radiographers to contrast 
their knowledge and attitudes about CT radiation dose and intervention with 
measured doses and current evidence-based best practice. 
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6. Identify the potential barriers to lowering paediatric CT dose. 
A qualiative methodology was used to address the above research questions for 
two reasons. First, the research questions are about the attitude and knowledge of 
radiographers. Therefore, this research should use a descriptive and interpretive 
method, asking questions with whats, whys and hows. Qualitative research is well 
suited for the purposes of description and interpretion (Lee, Mitchell & Sablynski, 
1999), and recommendations have been made as to how to apply qualitative research 
methods specifically to radiography research (Adams & Smith, 2003). Second, 
qualitative research gives more in-depth data on the researcher’s topics of 
investigation. Such data improves understanding of complex issues and relationships, 
and focuses on describing data, as opposed to quantifying it by statistical analysis 
(Wellington, 2000). Since the aim of this study is to explore the knowledge and 
attitudes of participants, the use of interview is an appropriate methodology. 
7.1.2 Interview structures. 
Within the realm of qualitative social research there are three types of interview 
avaliable: unstructured, semi-structured and structured. The most common of these is the 
semi-structured interview (Dawson, 2007). Unstructured interviewing is also known as 
‘life history’ interviewing, and it allows the participant to completely determine the 
importance and relevance of issues to answer the researcher’s question. Semi-structured 
interviewing is characterised by asking the same questions to every particiant, but 
maintaning the flexibility to allow any partipant to elaborate on any point in greater depth. 
Structured interviews allow for no elaboration from the participant, and the interviewer 
asks questions only from the rigid script (Dawson, 2007).    
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7.1.3 Previous interviews of radiographers. 
There have been several interview-based research articles that have explored the 
opinions of radiographers on various topics, and these have served as a frame of reference 
for selecting the type of interview appropriate for conducting this project. Table 7.1 
provides a summary of recent and relevant radiographer interview-based research. From 
this table, it can be seen that semi-structured interviews have been the most common type 
conducted in this field.    
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Table 7.1  
Selection of interviews conducted on radiographers. 
Author Title Reported Interview Method 
Fowler, 1997 
Attitudes towards the older adult 
patient: a study of the influence that 
radiographers have on radiography 
students. 
Unstructured 
Gruppetta, 2009  
 
Ethical issues for radiographers: 
general observations and a qualitative 
study. 
Unstructured 
Innes, 1998 
A qualitative insight into the 
experiences of postgraduate 
radiography students: causes of stress 
and methods of coping. 
Semi-structured 
Lewis et al., 2008  
The ethical commitment of Australian 
radiographers: does medical dominance 
create an influence? 
Semi-structured 
Lewis & Robinson, 
2003 
Role model identification by medical 
radiation science practitioners—a pilot 
study. 
Structured 
Mackay, Anderson & 
Hogg, 2008 
Preparedness for clinical practice—
perceptions of graduates and their work 
supervisor. 
Semi-structured 
Probst & Griffiths, 
2009  
 
Job satisfaction of therapy 
radiographers in the UK: results of a 
phase I qualitative study. 
Unstructured 
Rigney & Davis, 2004 
Radiographers and non-accidental 
injury in children—an Irish 
perspective. 
Semi-structured 
Thingnes & Lewis, 
2011 
Radiographers experiences on learning 
arenas, learning needs and life-long 
learning in the radiography profession. 
Semi-structured 
Walsh, Reeves & 
Scott, 2004 
When disaster strikes: the role of the 
forensic radiographer. 
Semi-structured 
Williams & Decker, 
2009 
Mature students’ perspectives of 
studying radiography.  
Semi-structured 
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7.2 Interview Methodology 
7.2.1 Justification of choice of method. 
Semi-structured interview is the most suitable method for collecting the type of 
data needed to answer the research questions in this thesis. This is because a fully 
structured interview would not allow participants to express their views in their own 
words, while an unstructured interview would make it far too difficult to meaningfully 
compare answers between participants from different groups, or apply statistical tests. In 
addition, semi-structured interviews are well suited to eliciting perceptions and allowing 
flexibility to cater to a variety of professional histories (Barriball & While, 1994). 
Interviews were conducted on a one-to-one basis, since a focus-group format could lead to 
conformation bias from the participants, drowning out minority opinions (Morse, 1994). A 
semi-structured format allows the investigator to probe in greater depth on certain points, 
while still permitting the informants freedom to give their own opinions (Barriball & 
While, 1994; Bell, 2005; Silverman, 2004). Although face-to-face interviewing is time 
consuming and labour intensive, it provided the opportunity for the researcher to seek 
deeper understanding and clarify issues that were raised in the survey (McMillan & 
Schumacher, 2006; Wiersma & Jurs, 2005).   
7.2.2 Interview design. 
Interviews were conducted with the volunteer group of survey participants to assess 
radiographers’ knowledge, further explore their attitudes towards paediatric CT radiation 
dose, and contrast their perceptions of the doses they delivered with actual measurements 
made from their CT protocols. All 56 Saudi questionnaire respondents were invited to 
participate in face-to-face interviews, and 11 respondents agreed. All 50 Australian 
questionnaire respondents were invited to participate in telephone interviews, and nine 
agreed (due to the participant’s hospital’s location in Melbourne, Australia, one Australian 
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interview was conducted face-to-face). Semi-structured interviews were conducted with a 
total of  20 radiographers, in English, 13 to 15 months after the survey (see Chapters 3 and 
4) and another shorter interview was carried out one to two months after the dosimetry 
measurements (see Chapters 5 and 6). The shorter interview was necessary because, at the 
time the Saudi Arabian interviews were being conducted face-to-face, the dosimetry results 
had not yet been fully analysed. Therefore, Section F (see Appendix 7.1) of the interview 
was conducted by phone at a later time once the full dosimetry results had become 
available. All phone calls were conducted from RMIT’s provided international telephone, 
and were audio-taped and transcribed. 
7.2.3 Interview content and format. 
The interview was divided into several different themes to add structure to the line 
of inquiry (Minichiello, 1995). Under each theme, interview questions were drafted after 
reviewing similar literature (Patton, 2002). The themes explored in the interviews were: 
• mode of recruitment into CT, 
• formal education and experience prior to joining paediatric CT, 
• paediatric CT protocol selection, 
• understanding of CT dose, 
• health risks of CT scanning, 
• dose intervention, 
• continuing education and training, and  
• perceptions of radiation dose level relative to their national counterparts (see 
Section 7.2.5). 
Participants were also asked to comment on other factors they considered important 
to their practice. A copy of the interview questions can be found in Appendix 7.1 for Saudi 
Arabian paediatric CT radiographers, and Appendix 7.2 for Australian paediatric CT 
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radiographers. The only difference between the two interviews is that each country is 
presented with their own country’s dosimtery distribution. 
7.2.4 Piloting the interview. 
The interview was piloted with two radiographers and also my co-supervisor, who 
is experienced in qualitative techniques. Piloting an interview to refine the questions is a 
common technique that is regularly used by other researchers in this field (Gruppetta, 
2009; Lewis & Robinson, 2003; Thoirs et al., 2011). The draft interview was conducted. 
Based upon the pilot, the relevance of questions was evaluated and the interview questions 
were further refined, with some questions added and others deleted. The order of the 
questions was changed, and some questions were clarified that were not well understood. 
Another change was to avoid personal reference to ownership of the CT protocol, by 
changing ‘your protocol’ to ‘your department’s protocol’ (Gillham, 2000). It was also clear 
that the vocabulary needed to be reduced to be as simple as possible to reduce the 
possibility of misunderstanding.  
7.2.5 Perceived and actual dose. 
As part of the interview, participants were shown dosimetry bar graphs (see Section 
F of Appendices 7.1 and 7.2) showing the radiation doses from head, chest and 
abdomen/pelvis CT measured at each participating hospital (seven Australian and eight 
Saudi hospitals). Each interviewee was asked to indicate his or her perception of the 
position of their hospital’s dose on the bar graphs. Saudi radiographers were shown only 
data from the eight Saudi hospitals, and Australian paediatric CT radiographers were 
shown the dosimetry data from the seven Australian hospitals. 
7.2.6 Conducting the interviews.  
After receiving written confirmation from interview participants for interview date 
and time, the interview timetable was finalised without difficulty (see Appendix 7.3). 
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Signed consent forms were received by the researcher before interview commenced (see 
Appendix 7.4). All interview participants were reminded of their scheduled interviews at 
least three days in advance by email or telephone. Contact telephone number for the 
interview was also confirmed at that time.  
In-depth interviews were conducted using a list of semi-structured questions (see 
Appendices 7.1 and 7.2 for the question list) which was emailed to the Australian 
participants the day before their interviews and given to the Saudi Arabian participants to 
read immediately before their interviews. The interview questions were based on the 
results of the quantitative survey. Items of the quantitative questionnaire that elicited useful 
information about participants’ practice, knowledge and attitudes towards dose were 
explored further in the qualitative interview. The interview results were recorded by 
written notes of key responses, and interviews were audio-taped and transcribed for 
analysis (Polit & Beck, 2004). Telephone interviews were digitally recorded with 
permission for recording being sought from participants at the beginning of the telephone 
interview. If permission was not obtained, the audio recording was stopped and a transcript 
was written by the interviewer as the sole record of the interview. Interviews lasted 40 
minutes on average, with a range of 30–50 minutes. This length of time was enough to 
clarify important interview points (Burns, 2000). Appendix 7.3 shows the details of the 
interview timetable. The names of radigraphers have been removed and hospitals have 
been encoded to ensure the confidentiality of the participants (Richards & Schwartz, 2002). 
To minimise interview bias, it is recommended to allow plenty of time for participants to 
respond (Polit & Beck, 2004). Interviewer bias was also minimised by not concentrating 
on one question over another and by paying careful attention to the intonation of questions 
(Oppenheim, 1998). 
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7.2.7 Confidentiality. 
To maintain confidentiality, participants were allocated a unique identification 
number that was used to link their consent forms with their questionnaires and transcripts; 
all data has been deidentified. After data entry, paper questionnaires and audio-tape 
recordings were stored in a locked filing cabinet in the researcher’s secure office at RMIT. 
Participants were advised (in the plain language statement, and directly during face-
to-face interviews) that they could withdraw from the interview at any time and their data 
would be excluded. Interviews with Saudi radiographers were conducted in private rooms 
at times chosen by the participants; interviews with Australians were conducted by 
telephone with the researcher and interviewee in private offices. 
7.2.8 Informed consent. 
The need to establish informed consent is well explained in the following 
quotation:  
Procedures need to be in place to provide [research participants] with 
adequate information about the nature of the project, what is expected of 
them, how the research procedure might affect them and how their 
anonymity will be assured, as well as assuring them that the information 
they provide will be treated in confidence, and that they have the right to 
withdraw from the process at any Study (Blaikie, 2000, p. 20). 
An information sheet explaining the purposes of the study, who was conducting the 
study and how the study was to be carried out was emailed to the Australian participants 
with the qualitative questionnaire and handed to the Saudi participants before face-to-face 
interviews. The information sheet emphasised that involvement was totally voluntary and 
that their anonymity and confidentiality were well protected. Participants were reassured 
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that they retained the right to withdraw from the study or refuse to answer any of the 
questions at any time. 
7.2.9 Interview data analysis. 
Following each interview, the interviewer re-read and added to the notes taken 
during the interview to provide a backup to the digital record and to highlight points of 
interest in the discussion (Davies, 2007; Rubin & Rubin, 2005). Each interview was then 
transcribed using a professional service and the transcriptions were checked for accuracy. 
Finally, the researcher’s notes were inserted into the transcriptions. 
Interviewee identities were encoded using NVivo (Bazeley, 2007) to aggregate 
answers to each question to facilitate thematic analysis (Dawson, 2007). Numerical results 
were compared using Student’s t-tests in MINITAB v16 with confidence level set at 95 per 
cent.  
7.2.9.1 Analysis of perceived and actual dose. 
Perceived and actual doses delivered to the head, chest and abdomen/pelvis regions 
were compared using paired samples t-tests (preceded by Levene’s test for homogeneity of 
variance) for Australian and Saudi radiographers separately. The perceived doses for each 
pair of regions (head and chest, head and abdomen/pelvis and chest and abdomen/pelvis) 
were compared using Student’s t-tests (again, preceded by Levene’s test for homogeneity 
of variance). Australian and Saudi radiographers’ perceived doses for each region were 
compared using Student’s t-tests. 
7.2.9.2 Interviews—timeline. 
The interviews were conducted in person or by phone, in both countries, between 
October and November 2010, with the exception of the Saudi graph dosimetry bar 
questions, which were conducted by phone in February 2011 (the delay allowed the Saudi 
dosimetry measurements to be completed).  
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7.3 Summary 
This chapter has outlined the objective of the interview, which is to contrast 
radiographers’ knowledge and attitudes about CT radiation dose and intervention with 
measured doses and current evidence-based best practice. Based on a review of the 
literature in similar fields, semi-structured interview was chosen as the most suitable type 
of interview for conducting this research. The strengths and limitations of the semi-
structured interview were reviewed, and an interview was designed and justified based on 
the overall aims of this project. Findings from the interviews are presented in Chapter 8. 
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8.1 Introduction 
As described previously in Chapter 7, a series of in-depth interviews were 
conducted with nine Australian and 11 Saudi Arabian paediatric CT radiographers. These 
interviews were conducted to provide further understanding of the results of the survey, 
detailed in Chapter 4, and to establish interviewees’ pereceptions of their paediatric CT 
doses in relation to the dosimetry data. The collection of the dosimetry data is discussed in 
Chapter 6. This chapter details the results of these interviews, and presents relevant 
quotations to illustrate the findings of these interviews. A copy of the interview questions 
can be found in Appendices 7.1 and 7.2.  
The interviewee comments were recorded and coded for their qualitative analysis, 
and where the interviewees provided a level of difference between the two responses, t-
tests were used. Where Student’s t-tests are used to establish statistical significance, a 
threshold of p<0.1 was used for weak significance, and p<0.05 was used as a threshold for 
significance. This provides the 95 per cent confidence level stipulated in Section 7.2.9. The 
p values are not designed or meant to show statistical significance, but rather to provide an 
indicative level of confidence 
8.1.1 Interview and reporting structure. 
The results from the interview are presented in the order in which they were asked. 
These questions were divided into seven subjects, which will be presented in their own 
subsections: 
1. CT Paediatric Radiographer History 
2. CT Protocols 
3. Radiation Dose in CT 
4. Risk from CT 
5. CT Dose Intervention 
6. Continuous Education and Training 
7. Comparing Interviewees’ Perceptions of Radiation Dose and Dosimetry Readings 
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8.2 CT Paediatric Radiographer  
8.2.1 How radiographers began working in paediatric computed tomography. 
Eight (78 per cent) of the Australian paediatric CT radiographers interviewed 
applied for their positions in paediatric CT. There was a common thread that they did so 
out of a genuine interest in CT, as the following quotation illustrates:  
Yes, it’s very interesting. The [conditions] and injuries that we see are very 
different to [those] in adults so it offers a wide variety, absolutely 
(Participant A7).  
Two Australian paediatric CT radiographers (22 per cent) expressed slightly 
different views. One stated that she was working in CT partly because she wanted to and 
partly because the department asked her to, the other described how she and her colleagues 
were rostered onto CT and while she enjoyed it, she preferred MRI for the image quality. 
In contrast, 10 of the 11 Saudi Arabian paediatric CT radiographer interviewees (91 
per cent) indicated that they had been allocated their CT position through Ministry of 
Health recruitment after graduation from their studies. Ministry of Health jobs are 
permanent for Saudi Arabians. Ten of the 11 Saudi respondents accepted their current 
position because of their interest in working in CT, with one respondent claiming that he 
would prefer to work in MRI because of his preference for the technology. One non-Saudi 
respondent indicated she was on a fixed-term contract, and this would not be renewed once 
a Saudi Arabian could be recruited to fill her position. 
8.2.2 Previous computed tomography education. 
Sixty-seven percent of the Australian paediatric CT radiographers interviewed 
relied only on knowledge obtained while qualifying and on the job and did not report any 
formal professional education in the CT field. Only three (33 per cent) said that they 
attended conferences and seminars, sessions that usually contain little dose and risk-related 
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information on CT. In general, the interviewees had little knowledge of dose and its risks 
before they came to CT:   
Oh, all my education beforehand was just scan and scan. There wasn’t a 
helical scanner. I came from single-slice education to multi (Participant 
A4a). 
At university, I think they just did a subject on CT and then once I got the 
job at the hospital we just get rostered with the senior in CT for about eight 
weeks and he trains us (Participant A7). 
Six Australian paediatric CT radiographers (66 per cent) reported having a Medical 
Imaging Bachelor’s degree, one (11 per cent) reported a Diploma, one a Certificate and 
one reported no tertiary training. The paediatric CT radiographer who reported a 
Certificate in medical imaging also reported training in CT image quality and CT 
parameters, and continually updated her knowledge of radiation dose through weekend 
seminars and attending radiology conferences. This radiographer is interested in CT 
scanning technology and he appreciates the importance of technology advancement. In the 
words of two participants: 
I think you still need to keep going, constantly upgrading because there’s 
always new information on organ dose coming out ... You have to keep 
learning (Participant A1). 
I didn’t learn about CT parameters but I completed study for two weeks on 
CT dose and CT scan dose (Participant B1). 
Ninety percent of Saudi Arabian paediatric CT radiographers’ relied only on 
knowledge obtained while qualifying on the job and did not report any professional CT 
education. Only one (10 per cent) reported attending a two-week course on CT dose.  
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In general, the Saudi Arabian paediatric CT interviewees had little knowledge of 
dose and its risks before they came to CT. There was almost an even number of Saudi 
Arabian paediatric CT radiographers possessing Degree and Diploma qualifications. Six of 
the 11 Saudi Arabian respondents (55 per cent) had Bachelor’s degrees in Radiology, and 
five (45 per cent) reported Diplomas. In regards to the knowledge gained on CT through 
these educations, they said:  
I didn’t learn about quality assurance, CT parameters or dose (Participant 
B5b). 
I have a Bachelor degree. I have a good background regarding quality 
assurance. I got this background in a special course when I attended 
continuing education in the National Guard hospital. There was not much 
background on dose (Participant B6).  
The backgrounds of the Saudi Arbian and Australian interviewees were only 
slightly different in terms of proportion of Bachelor’s degrees. Only three (33 per cent) 
Australian interviewees, and no Saudi Arabian interviewees, reported having image quality 
and dose training in CT prior to beginning work in their departments.  
8.2.3 Prior experience of paediatric computed tomography. 
Seven of the nine Australian paediatric CT interviewees (78 per cent) had no 
experience in CT scanning before they joined their paediatric CT unit (one described his 
experience as ‘minimal’); and six of nine (66 per cent) added that it was unnecessary to 
have a qualification in paediatric CT scanning before commencing work in paediatric CT. 
Of these six, two mentioned that there is no formal qualification for paediatric CT. In the 
words of the participants:  
If you’ve got the right people training you and you’ve got an understanding 
of CT to start with, I don’t think it’s an issue (Participant A2). 
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Anyway, we’ve got a competency check list in house that the radiographers 
have to, have to work in CT (Participant A1). 
I don’t have a qualification, there is no qualification [in paediatric CT] 
(Participant A4a). 
None of the 11 Saudi Arabian paediatric respondents claimed prior experience in 
paediatric CT; nine respondents (82 per cent) believed that their basic medical imaging 
qualification was necessary, despite none having formal qualifications directly in CT 
scanning: 
No, I didn’t have any prior experience of paediatric CT prior to joining this 
department. I do believe my qualification is necessary for this job 
(Participant B7).  
I believe my qualification in paediatric CT is necessary for the job, but we 
need more knowledge and techniques about how to reduce CT [dose] and 
select proper protocols (Participant B5b).  
Experience in CT prior to beginning work in CT departments was uncommon 
among the Australians and non-existent among the Saudi Arabian interviewees. A majority 
of the Australians paediatric CT radiographers stated it was unnecessary to have a 
qualification in paediatric CT scanning, whereas most of the Saudi Arabian paediatric CT 
radiographers claimed such qualifications were necessary. This indicates a greater 
perceived importance of prior formal qualifications among the Saudi Arabian interviewees.  
Eight of nine Australian paediatric CT radiographers (89 per cent) perceived 
paediatric CT to be different to general CT, and offered a variety of reasons:   
1. The increased importance of dose—cited by seven interviewees (77 per cent); 
2. The need for children to be emotionally managed, because they have less 
understanding of the process—cited by three interviewees (33 per cent); 
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3. Different protocols must be applied in paediatric work—cited by two 
interviewees (22 per cent); and  
4. Patient movement is an important consideration in paediatric CT—cited by one 
interviewees (11 per cent).  
The dissenting interviewee said paediatric CT was no different because every patient 
requires individual attention in terms of physique, dose and pathology. Conversely, the 
other participants said:  
It’s probably first of all the dose, that the dose is relevant to the size of the 
patient and also the communication with the patient and the parent, 
obviously it’s a lot different … (Participant A5). 
Just trying to make the patient feel comfortable I think and just keeping the 
doses low, which we try to do for adults anyway (Participant A7). 
It’s all dose, it’s how you manage the child emotionally (Participant A1). 
As in the Australian sample, only one of the Saudi Arabian paediatric CT 
radiographer interviewees (9 per cent) responded that there is no difference between 
paediatric CT and general CT. Of those that did think there was a difference, the reasons 
cited were:  
1. The importance of dose—cited by seven interviewees (64 per cent), and 
2. Different positioning techniques or patient movement—cited by two 
interviewees (18 per cent). 
They said:  
Yes, for small paediatric CT like requires more attention because the baby 
is moving too much (Participant B4b). 
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Yes, there is a difference between paediatric CT and CT imaging 
radiography in general. The dose and parameters are different (Participant 
B6).  
Overall, 18 out of 20 interviewees (90 per cent) agreed that paediatric CT was 
different to other CT imaging, with 14 of these 18 (78 per cent) citing dose as a major 
difference between paediatric and general CT. No disparity was observed between 
Australian and Saudi Arabian paediatric CT radiographers in this respect.  
8.2.4 Careers in paediatric computed tomography. 
All of the Australian paediatric CT radiographer interviewees (100 per cent) said 
they wanted to remain in paediatric CT because they enjoyed it and were happy. However, 
none was working exclusively in paediatric CT but was rotated through MRI, CT 
angiography and other modalities. All interviewees were happy with this variety of 
imaging responsibilities:   
I don’t just do CT, I do angio and general radiography as well so ... I will 
continue doing what I’m doing at the moment ... multiple areas. I like the 
mix (Participant A2c). 
This finding raises the question of whether multi-modality rotation impacts on the level of 
CT paediatric expertise, as CT radiographers move between different imaging modalities, 
thereby spending less time on CT imaging. 
In contrast to the Australian paediatric CT radiographers, all of the Saudi Arabian 
paediatric CT radiographer respondents (100 per cent) worked exclusively in paediatric 
CT. Six of the 11 (55 per cent) Saudi Arabian respondents predicted that they would 
remain in paediatric CT. Of the five that wanted to change, two specifically said they 
wanted to move to MRI, while the other three were not specific about the area to which 
they wanted to move:  
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No, I don’t see myself remaining in paediatric CT because I want to change; 
as I said, I like MRI (Participant B2). 
I don’t see myself remaining in paediatric CT, I would like to move to other 
modalities because I believe the radiation dose, the CT scan for paediatrics 
has a high radiation dose [for CT radiographers] (Participant B4).  
Yes, I intend to remain in paediatric CT because I see myself as confident in 
this job and I want to increase my knowledge. I want to concentrate on one 
modality (Participant B3a). 
Slightly more than half of the Saudi Arabian paediatric CT radiographers (55 per 
cent) indicated they would remain in paediatric CT for the foreseeable future, compared to 
all of the Australians. This difference is hypothesised to be due to the better working 
conditions placed on MRI relative to CT in Saudi Arabian hospitals, since there is no on-
call or emergency MRI.  
 
8.3 CT Protocols  
8.3.1 Quality assurance. 
Two Australian paediatric CT radiographer interviewees (22 per cent) reported that 
physicists attended their departments regularly (generally weekly) to check their CT 
equipment, and four (44 per cent) mentioned quarterly or four-monthly servicing of their 
CT machines. Four (44 per cent) also described how they reviewed images every day. One 
such description is as follows:    
There’s equipment quality assurance done on a daily basis and also weekly. 
There’s a monthly quality assurance done with quality assurance meetings 
with radiologists for assessing image quality and also with the medical 
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physicist just monitoring dose by our machinery and equipment and 
protocols as well (Participant A2). 
Of the nine paediatric CT radiographers from seven centres in Australia, only one 
(11 per cent) mentioned his department’s use of a dose reference level to keep doses low 
and for comparison with other hospitals:  
Dose reference level is … the 75th percentile … when we compare our 
doses we compare them back to … that reference level (Participant A4) 
Only one of these respondent (11 per cent) mentioned that QA is performed by a 
physicist employed by their hospital. Six Australian respondents (66 per cent) relied on 
maintenance visits from CT manufacturers, and daily image quality checks by 
radiographers, as revealed by the following quotation:   
No physicist is employed solely for CT. We do have physicists, we do have 
a physicist once a week that works with us, but he really only takes on 
projects that we give him, he’s not constantly looking at the images. So 
really, the QA that does happen is the routine maintenance quality checks 
that the company do (Participant A1) 
One Australian interviewee was unsure about whether any formal QA was carried 
out in his department, while another indicated that there was no QA process in place:  
I know that they check the quality of our images … I’m not too sure to be 
honest. I’m not aware of any particular system that we have (Participant 
A7). 
We don’t really do a quality assurance, no, most probably not other than [an 
informal quick check]. We make sure our work is, you know, good 
(Participant A4). 
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Only two of the 11 Saudi Arabian paediatric CT radiographer respondents (18 per 
cent) indicated that regular checks were performed for image quality only, not for 
equipment performance; eight (73 per cent) indicated that regular checks were not done 
and one respondent was unsure. A medical physicist was only mentioned by one (9 per 
cent) Saudi Arabian respondent. This respondent worked in one of the largest paediatric 
hospitals in the country, which acts as a referral hospital for others and has the best 
facilities. Seven of the eight Saudi Arabian respondents (88 per cent) who said that no QA 
was performed also indicated that this was because there were no personnel qualified in 
QA at the hospital:   
No, our department doesn’t perform quality assurance because there are no 
qualified people (Participant B7). 
Yes, the company performs check-ups and makes quality assurance. We do 
a quick check on the CT machine every day with the technologist 
(Participant B3a). 
No, our department doesn’t perform quality assurance. This is done by the 
Ministry of Health just for plan x-ray. It is not regular, but they do it when 
we need them to. There is also no medical physics department and no tools 
or qualified people in this hospital to perform quality assurance (Participant 
B6). 
Overall, very little QA is performed on Australian or Saudi Arabian CT machines, 
except for informal image quality check and maintenance. Only two Australian paediatric 
CT radiographers (from the same hospital) and one Saudi Arabian paediatric CT 
radiographer reported that their CT departments conducted QA involving regular input 
from physicists. Consequently, it can be seen that regular QA is lacking because of a 
shortage of qualified medical physicists in both Australia and Saudi Arabia paediatric 
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hospitals. It is also clear from the interviews that the paediatric hospitals in both countries 
depend on maintenance visits from their CT equipment vendors for their QA. 
8.3.2 Establishment of computed tomography protocols. 
All Australian paediatric CT radiographer respondents, with the exception of one 
respondent who was not sure about the process in his department, claimed that the 
protocols were modified or updated in some way from their vendor’s defaults. Six of the 
nine (66 per cent) Australian interviewees indicated that protocols were established by 
reviewing relevant literature and/or after consultation with radiologists:  
We have discussions between our senior CT radiographers and our 
radiologists as to how we should be doing things and then from that our 
protocol gets formed, so it’s a joint sort of effort between radiographers and 
radiologists (Participant A2c). 
Initially, because it was a brand new scanner with some brand new 
technology, we took some advice from what our colleagues at GE were 
saying, the manufacturer, the applications people. We have then taken those 
protocols a step further (Participant A3). 
With the exception of one respondent who didn’t know, all Saudi Arabian 
paediatric CT radiographer respondents (100 per cent) indicated that the protocols were set 
up by the manufacturer, sometimes in conjunction with radiologists. No Saudi Arabian 
respondents mentioned a literature review for establishing or updating their CT protocols: 
CT protocols are established through the company [CT equipment 
manufacturer] along with the radiologist. There is no evidence-based 
practice involved (Participant B5a). 
CT protocols are established by the company (Participant B8). 
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The CT protocols are established by the company and the radiologist 
(Participant B7). 
This result shows a very important difference between Australian and Saudi 
Arabian paediatric CT radiographers. Of those who responded, 100 per cent of Australian 
paediatric CT radiographer established their protocols after consulting the literature and 
radiologists, whereas 100 per cent of Saudi Arabian interviewees reported using the 
protocols determined by the manufacturer, sometimes with input from radiologists. This 
demonstrates a polarisation in Australian and Saudi Arabian paediatric CT department 
approaches towards the establishment of paediatric CT protocols and the extent to which 
CT radiographers assume responsibility and were involved in setting up CT protocols.  
8.3.3 Modifying computed tomography protocols for individual cases.  
All Australian paediatric CT radiographer respondents (100 per cent) said that 
modifications were implemented for individual patients, although one noted that his 
department maintained many different protocols, which meant that a suitable one could 
usually be found. Five of the nine Australian respondents (56 per cent) answered that the 
protocols were modified to take into account an unusually slim or heavy patient. One 
respondent (11 per cent) answered that the scanner sometimes prompted them to change 
rotation speed. Responses included:  
For example, if they have a slim patient, they try to reduce it [the dose] 
from the parameters to be suitable with the patient (Participant A2). 
We don’t generally have to modify it. If we pick the right protocol, we 
shouldn’t need to be modifying it too much (Participant A5).  
Four of 11 (36 per cent) Saudi Arabian paediatric CT radiographer respondents 
indicated that CT protocols were not modified for individual patients. Of the remaining 
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seven (64 per cent) who did modify protocols, the most commonly-cited reason was 
‘different pathologies’ (three respondents—27 per cent).   
Yes, we modify CT protocols for individual cases depending on pathology 
(Participant B1). 
Our department’s practice in terms of modifying CT protocols for 
individual cases is that if a protocol is high KV and MA, we can change it 
to suit the age (Participant B5b). 
One respondent indicated that their approach to reducing paediatric dose was to 
routinely halve the adult parameters: 
We get the protocol from adult CT; that’s CT and paediatric. We get the 
protocol from the adult and we take half of the dose for paediatric patients 
(Participant B3b). 
Overall, there was a major difference between Australian and Saudi Arabian 
paediatric CT radiographer attitudes towards tailoring CT protocols, with 100 per cent of 
Australians and only 64 per cent of Saudi Arabians modifying their protocols for 
individual patients. One possible explanation is the relatively low knowledge and 
education of Saudi Arabian paediatric CT radiographers; another is their low levels of 
perceived control and confidence to intervene.  
8.3.4 Radiographers’ freedom to change or modify computed tomography 
parameters. 
Reflecting their responses to the previous question, all Australian paediatric CT 
radiographer respondents answered that they were allowed to change CT parameters. 
Factors offered to justify the modification of parameters included patient weight and the 
ability of the patient to cooperate, as illustrated by the following quotation:   
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They have to follow protocol unless they have a very good reason to 
increase or decrease for image quality reasons … if they get a patient who is 
extremely large then they should up the KV (Participant A1).  
Another respondent mentioned the problem of movement by infant patients not under 
general anaesthetic as a reason to modify CT parameters: 
If I’ve got a patient on the table that happens to be very young, we’re not 
using a general anaesthetic, I’m worried they’re going to move on me, I will 
use a shorter scan time, so I’ll decrease my rotation time (Participant A2). 
In contrast to the Australian respondents, only five of the 11 Saudi Arabian 
paediatric CT radiographers (45 per cent) indicated that they were allowed to change CT 
parameters. Two of the 11 (18 per cent) respondents cited concern over making a mistake 
as a reason not to allow parameter changes: 
No, our CT department doesn’t allow CT radiographers to change the CT 
parameters because they want to avoid any mistakes (Participant B8). 
Yes, our CT department does allow CT radiographers to modify CT 
parameters. For example, brain bone window. I can change, but I am not 
confident or qualified to do it (Participant B5a). 
Yes, our department allows radiographers to change CT parameters 
sometimes to avoid repetition and they ask them to follow the protocols to 
avoid the incidents. We also change the protocol for the pathology 
(Participant B3a). 
All Australian paediatric CT radiographers (100 per cent) interviewed indicated 
they were able to change or modify CT parameters. In contrast, only 45 per cent of Saudi 
Arabian paediatric CT radiographers were permitted to change parameters. None of the 
Australians and Saudi Arabian interviewees mentioned radiation dose as the main reason to 
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change the protocol. It is hypothesised that this does not necessarily reflect a lack of 
concern for dose, but rather a general consensus that the protocol is already optimised to 
deliver as little dose as possible.  
8.3.5 Selection of computed tomography parameters. 
Seven out of nine (78 per cent) Australian paediatric CT radiographer respondents 
answered that parameters were first defined by the protocol, but altered based on the 
experience of the radiographer. Other respondents cited the guidance of senior colleagues. 
Four out of nine (45 per cent) Australian respondents indicated that the default CT 
parameters were one of the influences: 
The first selection obviously is based on protocol. Modification of that 
protocol is based on experience (Participant A2). 
Our radiographers have to follow protocol, departmental protocol… it’s 
very strict, you must have reasons to go out with protocol (Participant A1). 
The senior guy sets it up so I have to go with him first (Participant A7). 
All Saudi Arabian paediatric CT radiographer respondents (100 per cent) indicated 
that the CT parameters were fixed by the scanner manufacturer, with only two respondents 
(18 per cent) mentioning the radiologist as a secondary source for parameter selection:  
We select CT protocol based on CT parameters, plus the radiologist if he 
requests (Participant B3a). 
CT parameters (Participant B3b, B5a, B5b, B6, B7, B8). 
Saudi Arabian CT parameters were largely determined by the manufacturer of the 
equipment, and by experienced radiologists in individual cases, whereas Australian 
paediatric CT radiographers selected parameters based on the protocol, which could then 
be changed based on their own experience.  
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These results echo the findings from the previous question in which Saudi Arabian 
paediatric CT radiographers reported less ability to modify CT parameters. Both of these 
findings imply that in Saudi Arabia the responsibility for modifying protocols lies with the 
CT vendor. The important issue of minimising doese was not even raised by the CT 
radiographers interviewed.  
8.3.6 Factors determining parameter selection. 
When further questioned about other factors affecting parameter selection, seven 
out of nine (78 per cent) Australian paediatric CT radiographers mentioned pathology as a 
factor determining parameter selection, and six out of nine (67 per cent) cited dose as a 
factor. Image quality was mentioned by five (56 per cent) respondents. They said: 
Quality of the image and pathology and try to reduce the dose (Participant 
A2a). 
Other factors of protocol selection … pathology is a big one… certainly 
dose is a big one (Participant A2b). 
On different pathology yeah, if you’re doing like, you know, a kidney area... 
The patient dose, yeah well, it’s always set as low as we can go (Participant 
A5). 
Similarly, Saudi Arabian paediatric CT radiographer respondents indicated that the 
patient’s pathology, image quality and radiation dose were important factors in 
parameter selection. However, only one (9 per cent) of the Saudi Arabian 
respondents mentioned the radiation dose as one of the defining concerns. In fact, 
eight of the respondents (73 per cent) specifically mentioned that dose was not 
considered important. Eight out of 11 (73 per cent) mentioned both image quality 
and pathology as determining factors, but not dose:  
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Pathology; we are concentrating on the image quality and not the dose 
(Participant B5a). 
The other factors that determine protocol selection are pathology and image 
quality but not the dose, we ignore the dose (Participant B7). 
Select the, in selecting the protocol, like which is best, which is best, what 
we can give, diagnosis for that. Yes for pathology like that… [dose is] very 
important. Like um, the less slices will get less radiation in my opinion 
(Participant B4b). 
A majority (67 per cent) of the Australian paediatric CT radiographers reported that 
dose was an important factor affecting parameter selection, but only one Saudi Arabian 
paediatric CT radiographer (9 per cent) felt likewise. Saudi Arabian interviewees were 
vastly more concerned about pathology and image quality than dose. As 73 per cent of 
Saudi Arabian interviewees specifically indicated that dose is not the most important factor 
in determining parameter selection, this implies that, in comparison with Australian 
paediatric CT radiographers, Saudi Arabian paediatric CT radiographers do not consider 
dose to be an important consideration in paediatric imaging.   
8.3.7 Rejecting computed tomography requests and repeating computed 
tomography scans. 
Six of the eight Australian interviewees (75 per cent) indicated that they did not 
reject requests or repeat scans. Of the two (22 per cent) who responded that they did reject 
and repeat CT scans, one claimed that scans were rejected if they were not justified, and 
the other claimed that his department commonly rejected CT scans in favour of MRI, 
because MRI does not involve ionising radiation and is better for imaging some organs, 
such as the pituitary gland.   
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Well today and yesterday we rejected CT requests because the scan was not 
justified (Participant A1). 
We do … we don’t repeat a lot of CT scans, which is very good. We would 
probably have to repeat a CT scan … less than one a month (Participant 
A2a). 
We would encourage them to go to MRI, yes, every time (Participant A2a). 
No, I don’t think I’ve ever had to repeat a scan (Participant A5). 
Five of the 11 Saudi Arabian paediatric CT radiographer respondents (45 per cent) 
indicated that they had rejected or repeated CT scanning. Of these five, one cited sedation 
as a reason; another cited inadequate patient information; two had recommended MRI in 
specific circumstances; and the fourth had once repeated a scan because of lost data. The 
remainder of the respondents indicated that rejecting or repeating scans was not up to 
them, their rejection would not be accepted, or that they had never rejected a scan request:  
We have rejected just one in my work, for a lumbar spine for a paediatric 
patient. I changed it to an MRI because it is a better resolution than CT 
(Participant B3a). 
That decision comes from the radiologist (Participant B3b). 
No … because no one accepts my rejections (Participant B5b). 
No, I don’t ever reject or repeat CT scan analysis records because the Dr 
does what he wants and we’re not allowed to because of our degree 
(Participant B8). 
Few Australian interviewees reported rejecting or repeating CT scans, but 45 per 
cent of the Saudi Arabian interviewees did so for reasons unrelated to concerns about 
radiation dose. 
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8.4 Radiation Dose in Computed Tomography 
Interviewees were asked to rate their perceptions of radiation dose for head, chest 
and abdomen/pelvis CT scans as well as to rate their perceptions of risk of CT scans to 
paediatric patients. The aim of these questions was to provide insight into the reasons for 
their ratings on radiation dose and risks of CT scans.  
8.4.1 Perceptions of radiation dose for a head computed tomography scan. 
On a scale of 0–10 (low to high), Australian respondents perceived radiation doses 
given during head CT scans as ranging from 1 to 7 (see Figure 8.1). 
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Figure 8.1. Perceptions of radiation dose for a head CT scan. 
Respondents whose answers were on the lower end spoke of their confidence that 
their dose was low, but those who rated their department’s dose as higher mentioned that 
they were not sure of either their radiation dose or of what the scale represented. This 
provides an insight into the reasons behind respondents’ rating selection both here and in 
the CT survey (see Chapter Four for details of survey responses and analysis). However, 
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due to the small number of interviewees’ interviewed here, this explanation is by no means 
definitive. Some relevant quotations include: 
We believe ours is the lowest around (rating=1) (Participant A3). 
To be honest, I’m not sure (rating=6) (Participant A7). 
I would say probably seven (rating=7) (Participant A4a). 
Only one of the Saudi Arabian respondents rated the dose to the head from a CT as 
being less than 5. All other respondents thought the dose rated between 5 and 8. Overall, 
Saudi Arabian respondents rated the radiation dose to the head much higher (mean 5.8) 
than Australian respondents (mean 3.8). This difference between the two groups of 
interviewees is significant according to a 2-sample Student’s t-test (p=0.037). Some 
quotations from the Saudi interviewees used here include: 
Five, because compared with the abdomen, its low (Participant B6). 
Seven, because there is more radiation to the head (Participant B4a). 
Seven, I have heard that this CT scan gives high radiation. Therefore, I 
reported this issue because it is too high radiation (Participant B3a). 
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8.4.2 Perceived radiation dose for a chest computed tomography scan. 
Radiographers’ perceived radiation doses for a chest CT scan are shown in Figure 
8.2. 
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Figure 8.2. Perceptions of radiation dose for chest CT scan. 
Australian respondents who rated their chest CT doses low did so because they 
believed their relatively new scanners used less radiation:  
Again, two … Same reasons, new technology will give lower doses 
(rating=2) (Participant A1) 
Respondents who were unsure or hesitant tended to respond with a higher rating. 
Almost half (45 per cent) of the Saudi Arabian respondents rated the radiation dose 
to the chest as 7/10, which is higher than the highest figure given by the Australian 
respondents. With the exception of one outlier, who answered 9/10, all Saudi Arabian 
respondents rated the chest dose between 3 and 7/10: 
Seven, because [the chest] takes a bigger dose than the head (Participant 
B6). 
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Seven, because the heart is in the chest (Participant B8). 
Three. I think it’s suitable for paediatric patients (Participant B3b). 
Overall, Saudi Arabian respondents rated the radiation dose to the chest much higher 
(mean±SD 6.2±1.7) than Australian respondents (mean±SD 3.4±2.1). This difference is 
significant according to a 2-sample Student’s t-test (t=-3.21, p<0.01). 
 
8.4.3 Perceived radiation dose for an abdomen/pelvis computed tomography scan. 
Figure 8.3 shows radiographers’ perceptions of radiation dose for an abdomen/pelvis CT 
scan. 
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Figure 8.3. Perceptions of radiation dose for an abdomen/pelvis CT scan. 
Australian respondents generally believed abdomen/pelvis CTs (mean±SD 4.3±2.4) 
carried a higher dose than the head (mean±SD 3.8±2.2) or chest (mean±SD 3.4±2.1), 
although these differences were not significant according to Students’ 2-sample t-tests 
(p=0.74 head v. chest and p=0.61 head v. abdomen/pelvis). Some quotations illuminating 
this point include: 
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I think the abdomen is quite high, so I’ll go nine (Participant A7). 
Abdomen/pelvis is a higher radiation dose compared with the head 
(rating=3) (Participant A2a). 
With the exception of one outlier, who answered 3 out of 10, all Saudi Arabian 
respondents perceived the radiation dose to the abdomen/pelvis region as between 5 and 
10— much higher than the range of Australian ratings:  
Eight, because the abdomen is very sensitive tissue (Participant B5a). 
Nine, because it’s more than the chest and head and there are more organs 
and sensitive soft tissues (Participant B6). 
Three. I think it’s suitable for paediatric patients (Participant B3b). 
Overall, Saudi Arabian respondents rated the radiation dose to the abdomen/pelvis higher 
(mean±SD 7.3±2.1) than Australian respondents (mean±SD 4.3±2.4). This difference is 
significant according to a 2-sample Student’s t-test (T=-2.92, p=0.01). 
8.4.4 Perceived difference in radiation dose for different scan areas. 
Although both Australian and Saudi Arabian paediatric CT radiographers did not 
perceive any difference in radiation dose between head, chest and abdomen/pelvis scans, 
the dosimetry data show that head doses are substantially higher in both countries 
(Australian: mean head= 280.0, chest = 41.7, abdomen/pelvis = 61.0; Saudi Arabian: mean 
head= 323.0, chest = 60.3, abdomen/pelvis = 69.4). This indicates a misconception about 
the relative doses delivered to different scan areas among Australian and Saudi Arabian 
paediatric CT radiographers.  
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8.5 Risk from Computed Tomography 
8.5.1 Risk to paediatric patients of computed tomography radiation during a head 
scan. 
Australian respondents generally believed head CTs carried a high risk (see Figure 
8.4), but those who selected the rating of three thought that with sufficient precautions, risk 
could be minimised. 
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Figure 8.4. Perceptions of risk associated with a head CT scan. 
Respondents commented:  
Dose to the brain and the lens of the eye needs to be significant for there to 
be a cancer formed, cancer risk and our doses are as low as we can achieve 
(rating=3) (Participant A1). 
I don’t think any CTs are good (rating=7) (Participant A7). 
You’re looking at one in 1,000 risk for all patients having CT, so you’ve got 
to consider that to be a high risk (rating=7) (Participant A2c). 
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Nine of the 11 Saudi Arabian respondents (82 per cent) thought that the radiation 
risk from a head CT was between two and five out of 10:  
Two, because there is bone in the head and there is no soft tissue (Participant B8). 
Two. There is a risk, but it is low (Participant B7). 
Nine, because the organ is very sensitive and it is a small area (Participant B1). 
Overall, Saudi Arabian respondents rated the radiation risk to the head lower (mean±SD 
4.2±2.2) than Australian respondents (mean±SD 5.8±2.1). However, this difference is not 
significant according to a 2-sample Student’s t-test (T=1.64, p=0.11). 
8.5.2 Risk to paediatric patients of computed tomography radiation during a chest 
scan. 
Again, Australian respondents either gave high ratings on the basis of CT’s inherently high 
dose, or they gave lower ratings based on their confidence in their new scanners or low-
dose protocols (Figure 8.5). 
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Figure 8.5. Perceptions of risk associated with a chest CT scan. 
Radiographers commented: 
  
170 
The radiation is of high risk to the patient (rating=9) (Participant A2a). 
I’d say the same with chest CT and also with the abdomen/pelvis, purely 
because of the fact that all CT is a risk to the patient (rating=7) (Participant 
A2c). 
Our chest doses are on the lower side … we’ve done comparative studies 
both nationally and also state wide (rating=3) (Participant A2b). 
We believe that the dose risks to patients from a CT of the chest would be a 
three. Our doses are lower, very, very low (rating=3) (Participant A3). 
There was a wide range of ratings from both the Saudi Arabian and Australian 
respondents. Overall, Saudi Arabian respondents rated the radiation risk to the chest 
slightly higher (mean 5.4±2.2) than Australian respondents (mean 5±2.2). This difference 
is not significant according to a 2-sample Student’s t-test (T=-0.37, p=0.71). Some 
quotations from Saudi respondents include: 
Nine, because there is sensitive tissues (Participant B8). 
Five, because the area is wide (Participant B7).  
Four … the chest is not sensitive to radiation (Participant B4a). 
8.5.3 Risk to paediatric patients of computed tomography radiation during an 
abdomen/pelvis scan. 
Australian paediatric CT radiographers’ responses to the question about radiation 
risk from an abdomen/pelvis CT (Figure 8.6) mirrored their responses to the radiation dose 
from an abdomen/pelvis CT question. 
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Figure 8.6. Perceptions of risk associated with an abdomen/pelvis CT scan. 
Respondents generally answered that CT carries a higher risk due to the 
radiosensitive organs (the reproductive organs in particular) contained in the scanned area: 
That’s going to be higher than a chest scan because there’s more radiation 
sensitive organs in the abdomen (rating=7) (Participant A4). 
In the abdomen there are lots of radiosensitive organs (rating=5) 
(Participant A3). 
I’ll say nine for the abdomen … I think you get the most exposure from 
that. Yes I think the risk would be greater [than head or chest] (rating=9) 
(Participant A7). 
Overall, Saudi Arabian respondents rated the radiation risk to the abdomen/pelvis 
slightly higher (mean±SD 7.3±2.5) than Australian respondents (mean±SD 6.6±1.9). This 
difference is not significant according to a 2-sample Student’s t-test (T=-0.74, p=0.47). 
Quotations from Saudi Arabian respondents included: 
Nine … there is more sensitive tissues and a wider area (Participant B3a). 
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Four because I don’t know (Participant B3b). 
Seven, because the abdomen has more soft tissue and sensitive organs 
(Participant B4a). 
When the perceptions of dose are combined across all three scan areas (head, chest 
and abdomen/pelvis) for each country and compared to each other, the overall Australian 
dose perception is lower (mean±SD 3.85±2.1) /10 (n=27) than the Saudi Arabian dose 
perception (mean±SD 6.42±1.9) /10 (n=33). This difference is significant according to a 2-
sample Student’s t-test (T=-4.88, p<0.01). Further, when the corresponding perceptions of 
risk are combined across all three scan areas for each country and compared to each other, 
the Australian risk perception is marginally higher (mean±SD 5.78±2.1) /10 (n=27) than 
the Saudi Arabian risk perception (mean±SD 5.61±2.6) /10 (n=33). This difference is not 
significant according to a 2-sample Student’s t-test (T=0.29, p=0.78). 
The above comparisons indicate that Australian paediatric CT radiographers view 
CT as depositing a lower dose than Saudi Arabian paediatric CT radiographers, but that the 
two groups consider that dose to be equally dangerous to the patients. 
8.5.4 Computed tomography scan influence on patients’ cancer risk. 
Eight out of nine Australian interviewees (89 per cent) believed that cancer risk 
increased as a result of a CT scan, with only one hesitating on the basis that the literature 
was not conclusive:  
Well there’s proven facts that the risks of CT is one in 1,000. So, I’m going 
by proven facts (Participant A2c). 
Yes, well, from what I’ve read, I believe that there’s an increase in cancer 
risk, especially for repeat, especially if they have quite a few CT scans, yes 
(Participant A5). 
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We don’t know. Having read literature, we do not know if a low dose of 
radiation definitely increases your risk, is my belief from the literature 
(Participant A1). 
Five Saudi Arabian respondents (45 per cent) indicated that they thought cancer 
risk was increased by a CT scan, with five (45 per cent) answering no, and one offering no 
certain opinion. One respondent (Participant B1) claimed to have never read anything 
about radiation-induced carcinogenesis. In their words: 
Yes, I do believe that a patient’s cancer risk is increased as a result of a CT 
scan. I have heard about it (Participant B8). 
I don’t know (Participant B5b). 
No, I don’t believe that a patient’s cancer risk is increased as a result of a 
CT scan. I haven’t read anything about radiation causing cancer (Participant 
B1). 
A far higher proportion of Australian (89 per cent), as compared to Saudi Arabian 
(45 per cent), radiographers believed that cancer risk was increased by a CT scan. At the 
same time, Australian and Saudi Arabian interviewees considered the dose to be equally 
dangerous to patients.  
8.5.5 Action adopted after detection of a dose error. 
Fifty-six per cent of Australian interviewees responded that no policy existed for 
dose errors, or that a dose error had never happened. Four out of nine Australian 
interviewees (44 per cent) indicated that such an event would be logged and reported. They 
said: 
This is an event that must be reported to the health authority … a report 
must be filled in if it’s above one millisievert (Participant A1). 
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It’s never been an issue for us to have to act on it. If it did happen … [the] 
CT supervisor would address it by talking to the people and then making 
sure that it never happened again (Participant A2c). 
I can’t say that I actually have a policy because I don’t know that it’s ever 
actually happened … I would certainly call the engineers if I thought that 
the dose was excessive (Participant A5). 
All 11 Saudi Arabian respondents (100 per cent) replied that no action was taken in 
the event of a dose error:  
Our department doesn’t take any action in the event that a dose error is 
detected (Participant B6). 
There is no action taken (Participant B5a). 
Our department adopts no action when a dose error is detected. Sometimes 
the radiologist during the exam, some exams, attends the exam to have a 
look what he needs (Participant B7). 
The Australian and Saudi Arabian data collected on this question indicates a poor 
understanding of the importance of reporting radiation incidents, although with the small 
sample interviewed, it is difficult to draw firm conclusions. From this sample, it appears 
this problem is far more prevalent in Saudi Arabia than in Australia.  
 
8.6 Computed Tomography Dose Intervention 
8.6.1 Understanding of computed tomography dose intervention. 
Seven of nine Australian interviewees (78 per cent) were not confident in their 
understanding of the concept of dose intervention—which refers to the practice of 
minimising radiation dose to patients by discussing and sharing their experience and 
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knowledge with their colleagues and radiologists. This was defined by the researcher at 
each interview. Some quotations signalling this lack of understanding include: 
I am guessing it just means that we adjust our protocols in order to reduce 
the dose as we go. Is that correct? (Participant A2C). 
I’m not exactly sure what you mean (Participant A3). 
Another Australian paediatric CT radiographer was not sure about the concept of 
dose intervention and noted that he could recommend another imaging modality, but did 
not discuss the CT dose: 
Yes, all of our radiographers are aware of any means by which we can 
reduce dose. So, we could recommend an MRI (Participant A3). 
Four interviewees were unclear about the delineation of responsibility between the 
radiographer and radiologist: 
If the CT was deemed not necessary, the radiologist wouldn’t accept it. So, 
if they thought there was another modality that would be better, then they 
would do that (Participant A4b). 
I don’t know about the doses. I know that there’s a Dr in there so he wears 
lead but I’m not sure exactly what the exposures are. I think it’s around, oh 
actually, I’m not too sure to be honest (Participant A7). 
Only one Saudi Arabian interviewee understood the concept of dose intervention. 
Yes, it is any; it almost seems like prevention, like prevention of the patient 
to the radiation (Participant B4b). 
I don’t have any understanding of CT dose intervention (Participant B1, B2, 
B3ab, B4a, B5ab, B6, B7, B8). 
These results indicate that the term ‘dose intervention’ is not familiar or well 
understood by Australian or Saudi Arabian CT radiographers. This has implications on the 
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ability of Australian and Saudi Arabian paediatric CT radiographers to adopt dose-
reduction strategies. 
8.6.2 Computed tomography dose intervention practice. 
Seven Australian interviewees (78 per cent) did not clearly understand the concept 
of dose intervention in the early stages of discussion. However, once it had been explained 
to them, four of the seven recognised that they had in fact been practising dose intervention 
(making a total of six interviewees that had been practising dose intervention, or 67 per 
cent). The other three (33 per cent) said they never intervened to reduce dose:  
No, we leave it for the radiologists … we’re just here to provide a service 
for the radiologists. We don’t scan a patient until a radiologist has told us 
(Participant A7). 
I don’t intervene with [doses], because if they’re accepted by the radiologist 
… (Participant A4a). 
Of the six Australian interviewees who did practise intervention, frequency of 
intervention ranged from ‘every time’ to ‘occasional’. 
Every CT is justified by a consultant paediatric radiologist ... every day, 
every request (Participant A1). 
Every time that we get a request for a CT, it’s evaluated and determined as 
to whether it’s an appropriate test (Participant A3). 
Reasons given for intervening included tailoring dose to protect patients, avoiding 
unnecessary scans and avoiding repeat scans. In their words:  
Today an orthopaedic doctor requested a CT abdomen scan and the 
consultant radiologist said no because there was no question that needed 
answering (Participant A1). 
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[Intervention is] becoming a little bit more frequent now since MRI has 
jumped on the scene. The question is for example with inner ear procedures, 
with head tumours, clearer diagnosis through treatment whether a non-
ionising radiation modality would be a better choice (Participant A2b). 
Ultimately, it’s up to [radiographers] as to what we set and [radiologists] 
trust that we will set the appropriate thing to show them what they want so 
we have the ultimate say. They don’t tell me that they need me to use 200 
MAS; I tell them that 200 MAS will give them the picture they need 
(Participant A2c).  
Three Saudi Arabian interviewees (27 per cent) claimed to practise dose 
intervention. The respondents who claimed not to practise dose intervention said they did 
not either because they were not allowed to, or that it was the responsibility of the 
radiologist. 
Yes, I practice CT dose intervention when we repeat a patient, to reduce the 
radiation dose. How often depends on follow up, but not all the time, once 
every month. For example, hydro savalic one with severe headache 
(Participant B7). 
No, I don’t practice CT dose intervention; it’s not allowed (Participant 
B4a). 
No, I don’t practise CT dose intervention because the protocol is the 
responsibility of the radiologist and they say to me what they want and I 
follow their instructions (Participant B3b). 
These findings are illustrative of a subservient attitude to radiologists, lack of 
autonomy for radiographers and protocol-driven culture in some CT departments. This can 
be seen clearly within the Saudi Arabian responses, but also to a lesser extent in the 
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Australian responses. However, the response from Participant A2c below indicates that not 
all radiographers share this attitude: 
We do it on a patient by patient basis …. and give them a dose that will give 
them what they require and we make sure it’s as low as we can (Participant 
A2c). 
8.6.3 Attitudes towards dose intervention. 
Interviewees were asked about their attitudes towards dose intervention. Eight out 
of nine (89 per cent) Australian paediatric CT radiographers were strongly in favour of 
intervention to avoid excessive radiation dose. They said: 
It’s essential, it’s part of every CT … it’s not just part of paediatrics, it’s a 
part of adult CT as well (Participant A1). 
Radiographers should be a little bit more forceful in regards to their 
knowledge concerning radiation dose, but they should strongly work with 
radiologists in order to determine whether that patient obviously would have 
benefits from that CT scan (Participant A2b). 
Well, if you can discuss with a radiologist and work towards a compromise 
in image quality and dose, I think that’s important. I think if you cannot do 
a scan because it’s not necessary, that’s another thing, that’s very important 
(Participant A2c). 
Oh, it’s definitely necessary because a lot of doctors don’t understand. You 
do want good image quality but the dose definitely needs to be taken into 
account (Participant A7). 
In contrast, the interviewee who was not in favour of intervention said: 
We are just looking for the best quality image (Participant A2a). 
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All Saudi Arabian interviewees described a generally positive attitude towards dose 
intervention and expressed a desire to keep the dose as low as possible. One interviewee 
indicated hesitation as to when it was appropriate to practise dose intervention, and another 
lacked confidence in her ability to achieve dose reduction: 
I need to learn and I need to practice how I reduce dose and how to make an 
intervention and how I can increase my knowledge (Participant B3a). 
I would like to reduce the dose, but I don’t know when I can do it 
(Participant B6). 
I like to reduce dose and update the protocol and share ideas (Participant 
B3b). 
I like to give my opinion, I look to the quality of the image and I try to 
reduce the radiation dose (Participant B4a). 
The attitudes of Saudi Arabian and Australian interviewees to dose intervention are 
very similar, with both groups voicing the importance of avoiding excessive radiation dose. 
In general, the Saudi Arabians expressed a lack of confidence towards dose intervention, 
highlighting the need for continuing education in dose intervention.  
8.6.4 Dose intervention policy. 
Only one of the nine Australian interviewees (11 per cent) reported the existence of a 
formal policy for dose intervention: 
If a radiographer does a CT scan without IV contrast for an abdomen and 
they should have used IV contrast so they have to repeat it, then yes, a 
report needs to be done. That goes to the health authority, the physicist does 
a dose report and we do a report to show reasons why this would not happen 
again (Participant A1). 
Other interviewees described informal dose intervention procedures.  
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If someone knows that there was an excessive dose then they have to report 
it (Participant A4b). 
We don’t have a specific policy but we certainly keep an eye on it 
(Participant A5). 
It is the responsibility of the CT radiographer-in-charge and the radiologist 
to report excessive dosing and this is reported to the CT in-charge and then 
the radiologist (Participant A2a). 
Like the Australians, only one of the 11 Saudi Arabian interviewees (9 per cent) 
was aware of a policy for dose intervention, and then explained that the policy was never 
followed. All other interviewees said that there was no policy for dose intervention: 
No our department doesn’t have a process in place for dose intervention 
(Participant B2).  
They have the policy but there is no action (Participant B4b). 
Based on the interviews, policies for dose intervention appear to be uncommon in 
both Australian and Saudi Arabian CT departments. This contrasts with the quantitative 
questionnaire results presented in Table 4.20 in Chapter 4, which indicated that 96 per cent 
of Australian respondents and 73 per cent of Saudi Arabian respondents intervened to 
reduce dose. While the sample size interviewed was small, this interview finding raises the 
question of whether the survey respondents actually understood the term ‘dose 
intervention’. 
8.6.5 Procedures for selecting different protocols for repeat computed tomography 
scans. 
When asked if their departments had a procedure in place for selecting a different 
scan protocol for a repeat CT, all nine Australian paediatric CT radiographers said no. 
They would apply the same CT scan protocol as for the previous scan, modifying it if 
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required to generate a better image or if the pathology of the patient had changed. They 
said: 
Well probably, the same protocol because it should have been that protocol 
that was used in the first place with IV contrast and that’s, that protocol is 
set in place so that the correct image quality is used to diagnose (Participant 
A1). 
Well again, it’s based on clinical need and then you adjust your protocol 
accordingly (Participant A2c). 
It wouldn’t be a different protocol, it would be just amending the protocol 
that was already used (Participant A5). 
I think we just do the exact same scan again … not if something went badly, 
but if they’re coming back for follow up treatment, we just do the same scan 
(Participant A7). 
Five Saudi Arabian interviewees (45 per cent) were aware of a procedure for 
selecting a different scan protocol.  
Yes, there is a procedure in place for selecting a different scan protocol for 
a repeat CT (Participant B1). 
No, there is no procedure in place for selecting a different scan protocol for 
a repeat CT (Participant B6).  
Yes, there is a procedure in place for selection a different scan protocol, for 
example in oncology (Participant B7). 
Australian interviewees did not see the need for different protocols for repeat scans, 
but almost half of the Saudi Arabian interviewees (45 per cent) reported that their 
departments had procedures for different protocols on repeat scans, and were guided in this 
by radiologists. 
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8.7 Continuous Education and Training  
8.7.1 Participation in workshops, seminars, home-study, online courses or 
conferences. 
Most Australian paediatric CT radiographers reported participating in continuous 
education related to CT, whereas fewer than half of the Saudi Arabian respondents did so. 
Eight of the nine interviewed Australian paediatric CT radiographers (89 per cent) 
responded positively when asked if they attended workshops, seminars, online courses or 
conferences, or studied at home to update their CT knowledge and skills. The sole 
interviewee who did not report participating in continuing education claimed he did not 
work sufficiently in CT, so was not sent to any of the training sessions.  
Fifty-five per cent of Saudi Arabian interviewees attended CPD activities such as 
workshops and seminars, although two of these mentioned that the conferences they 
attended did not cover CT dose in any way: 
Yes, I attended a conference. It was about MRI but there was nothing about 
CT at this conference (Participant B5b). 
I have attended a seminar about anatomy and head, abdomen and chest for 
CT imaging but nothing about dose (Participant B7). 
No, I don’t regularly attend workshops (Participant B4a, B5a, B6, B8). 
8.7.2 Additional courses in paediatric or general computed tomography. 
Only one Australian paediatric CT radiographer (11 per cent) reported completing 
additional courses in Paediatric CT. She enrolled in a distance learning course in paediatric 
pathology (image generation, CT scanning, dose and protocols, QA and protection). The 
radiographers who completed additional courses in general CT acquired a Graduate 
Diploma in Medical Radiation in CT and Postgraduate Certificate in general CT. The latter 
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reported that the course included a good grounding in image quality and fundamental 
physics, but the technique content was outdated. No Saudi Arabian interviewees had 
attended additional courses in Paediatric CT.  
8.7.3 Training in radiation protection or computed tomography dose. 
All Australian interviewees had received some training in radiation protection, 
varying from that provided during their basic qualification, to more in-depth sophisticated 
continuing education. One had completed a formal course that included CT dose, while 
others had attended workshops and departmental training. Five out of nine (55 per cent) 
had completed some training that covered CT dose. As they reported: 
We have our own radiation safety officer here and every year he does a 
radiation and protection series and presentations (Participant A3). 
I was involved in a research programme in 2007, we did the initial survey of 
our protocol and radiation doses, we went and attended a workshop, which 
educated us on dose-reduction techniques and then we came back and we 
did another survey to see whether it had actually informed our practice and 
our doses. Participant A4b). 
Five out of 11 (45 per cent) Saudi Arabian interviewees answered that they had 
attended some form of radiation protection or CT dose training. Of these, four mentioned 
that radiation protection was covered in the course, and one mentioned that CT dose was 
covered.  
Yes, I have attended training in radiation protection, but, as I stated before, 
there was no details about CT dose (Participant B2). 
Yes, I have attended training in radiation protection. I have done an 
introduction about CT dose (Participant B6).  
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Training in radiation protection was universally reported by Australian paediatric 
CT radiographers, but by fewer than half of their Saudi Arabian counterparts. Training in 
CT dose was reported by 55 per cent of the Australian interviewees, but only 11 per cent of 
the Saudi Arabian interviewees, indicating greater need for further education about dose 
among Saudi Arabian paediatric CT radiographers. 
8.7.4 Departmental policies on continuous professional development. 
All Australian interviewees said their departments provided and supported CPD. At 
one hospital, CPD was mandatory. Seven out of nine (78 per cent) hospitals provided some 
financial support for external CPD such as conferences. Of the two interviewees who 
reported that financial support for CPD was not available, one asserted that her department 
maintained an in-house tutor, and the other stated that his department simply did not have 
the funding to support CPD activities. Only two of the 11 Saudi Arabian interviewees (18 
per cent) said their departments had a policy on CPD—these interviewees explained that 
they were encouraged or expected to attend training without financial support. Some 
relevant quotations include: 
There is no financial support. We are to attend in our own time and pay 
from our own pocket (Participant B4a). 
No, there is no continual professional development. We are not encouraged 
to attend courses and there is no financial support (Participant B7). 
Yes, we are encouraged to attend courses and conferences but there is no 
financial support offered (Participant B1). 
All Australian CT departments supported CPD, and most (78 per cent) provided 
financial support. In contrast, few Saudi Arabian departments supported CPD (18 per cent) 
and financial support was not offered at any Saudi Arabian department. This illustrates that 
Saudi Arabian departments did not encourage radiographers to pursue CPD. All 11 Saudi 
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Arabian respondents made mention of their need for CPD and funding within the 
‘additional comments’ section at the end of the interview. 
 
8.8 Comparing Interviewees’ Perceptions of Radiation Dose and Dosimetry 
Readings 
As described in the methodology chapter, Australian and Saudi Arabian 
interviewees were given bar graphs showing the radiation doses from head, chest and 
abdomen/pelvis CT measured at each hospital. Each interviewee was asked to indicate the 
position of their hospital’s dose on the bar graphs; the results are shown in Tables 8.1-8.3.  
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Table 8.1  
Each hospital’s actual ranking of head CT radiation dose. 
1No interview was possible at one Australian hospital, so only six perceived rankings were 
supplied by Australian paediatric CT radiographers. 
Hospital 
code 
Perceived 
ranking on 
graph 
(mGy.cm) 
Actual 
ranking on 
graph 
(mGy.cm) 
Reason for selection of perceived ranking 
Australia1 
A1 
  
C(229.1) F(315.1) Other centres probably have newer scanners and we 
are definitely not one of the highest two. 
A2 a A(137.6) C(229.1) We have the lowest dose. 
A2 b D(273.6) C(229.1) From previous studies, not all are comparatively 
low. 
A2 c D(273.6) C(229.1) Probably somewhere in the middle, I have no idea. 
A3 A(137.6) B(194.3) We have the lowest dose, best scanner in the world. 
A4 a A(137.6) A(137.6) We have very good protocols. 
A4 b A(137.6) A(137.6) I think we are one of the lowest dose. 
A5 C(229.1) D(273.6) I don’t think we are A or B, but we are not as high 
as the others. 
A7 A(137.6) G(528.0) I hope we are the low one. 
Mean 188.2 252.6  
Saudi Arabia 
B1 F(383.4) F(383.4) Because there is no good background knowledge 
about paediatric CT. 
B2 B(226.1) C(270.7) We are not giving higher doses. 
B3a D(325.3) B(226.1) I believe our CT section has high radiation because I 
heard from the company, from one of the company 
reps, he said we have a high protocol radiation dose.  
B3b B(226.1) B(226.1) I think we are in the range.  
B4a D(325.3) E(359.7) Because our radiation is high to get good image 
resolution.  
B4b B(226.1) E(359.7) Because I think we need more improvement in CT 
scan. 
B5a H(416.3) G(408.3) I think our protocol is very high compared with 
other protocols. I think, this is only my guess.  
B5b B(226.1) G(408.3) I think we are in the range. 
B6 G(408.3) D(325.3) Because we have an old machine and so I think we 
have more radiation.  
B7 B(226.1) H(416.3) Because we are the lowest in the Ministry of 
Health.  
B8 B(226.1) A(196.7) Because it is an old machine.  
Mean 292.3 325.5  
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Table 8.2  
Perceived and actual ranks of chest CT radiation dose. 
 
1No interview was possible at one Australian hospital, so only six perceived rankings were 
supplied by Australian paediatric CT radiographers. 
Hospital 
code 
Perceived 
ranking on 
graph(mGy.c
m) 
Actual 
ranking on 
graph 
(mGy.cm) 
Reason for selection of perceived ranking 
Australia1 
A1 
 
C(28.6) C(28.6) Other centres probably have newer scanners, and we 
are definitely not one of the highest two. 
A2a A(21.8) G( 92.5) We have the lowest dose. 
A2b B(23.9) G(92.5) We are limited by KV settings of our machine, but 
in general, we have a low dose. 
A2c D(32.8) G(92.5) Probably somewhere in the middle, I have no idea. 
A3 A(21.8) D(32.8) We have the lowest dose, best scanner in the world. 
A4a B(23.9) A(21.8) (no comment given) 
A4b D(32.8) A(21.8) (no comment given) 
A5 B(23.9) F(53.1) Our chests are low in dose. 
A7 A(21.8) B(23.9) I hope we are the low one. 
Mean 25.7 51.1  
Saudi Arabia        
B1 D(62.1) H(84.5) Because there is no good background knowledge 
about paediatric CT. 
B2 E(65.3) F(70.7) We are not giving higher doses.  
B3a C(50.0) D(62.1) Because I heard from the company of the machine. 
B3b B(42.1) D(62.1) I think we are in the range. 
B4a C(50.0) A(27.6) Because we are doing easy/simple CT. 
B4b C(50.0) A(27.6) We need more improvement in the hospital. 
B5a A(27.6) G(80.2) I think we are in the range. 
B5b A(27.6) G(80.2) Because the abdomen has more radiation than the 
head and chest.  
B6 G(80.2) C(50.0) Because we have an old machine and so I think we 
have more radiation.  
B7 D(62.1) E(65.3) Because I think our CT machine is old. 
B8 F(70.7) B(42.1) Because the abdomen is higher than the head and 
chest.  
Mean 53.4 59.3  
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Table 8.3  
Perceived and actual ranks of abdomen/pelvis CT radiation dose. 
 
1No interview was possible at one Australian hospital, so only six perceived rankings were 
supplied by Australian interviewees. 
 
Hospital 
code 
Perceived 
ranking on 
graph 
(mGy.cm) 
Actual 
ranking on 
graph 
(mGy.cm) 
Reason for selection of perceived ranking 
Australia1 
A1 
  
B(28.0) C (32.3) We do as little abdomen scanning as possible, so I 
believe we are better on this category than head or 
chest. 
A2 a C(32.3) F (114.9) Abdomen/pelvis is heavier than the head and chest. 
A2 b E(72.8) F(114.9)  
A2 c D(36.4) F(114.9) As above 
A3 A(24.9) A(24.9) As above 
A4 a A(24.9) B(28.0)  
A4 b D(36.4) B(28.0) There is work to be done here, but other places I 
know are worse. 
A5 D(36.4) G(118.0) I think we are middle of the range. 
A7 A(24.9) D(36.4)  
Mean 35.2 68.0  
Saudi Arabia 
B1 D(70.9) C(63.7) Because there is no good background knowledge 
about paediatric CT. 
B2 B(44.8) F(76.4) We are the lowest radiation dose. 
B3a C(63.7) D(70.9) I think its higher radiation than the chest and head 
because it is a wide area and there are sensitive tissues.  
B3b B(44.8) D(70.9) Because we are in the range and we have a new hospital 
and a new machine.  
B4a F(76.4) A(29.0) Because our protocols need to take, we’re doing more 
than one sequence and may repeat without contrast.  
B4b D(70.9) A(29.0) Abdomen, they’re easier for them, yeah we have a good 
doctor.  
B5a D(70.9) H(111.1) I think we are in the range. 
B5b E(75.7) H(111.1) Because the abdomen has more radiation than the head 
and chest.  
B6 G(83.4) B(44.8) Because we have an old machine and so I think we have 
more radiation.  
B7 F(76.4) E(75.7) Because I think our CT machine is old. 
B8 G(83.4) G(83.4) Because the abdomen is higher than the head and chest.  
Mean 69.2 69.6  
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The data presented in Tables 8.1-8.3 are discussed and summarised in the following 
section. 
 
8.9 Reasons for Perceived Dose Ranking 
When asked to give reasons for their selections of perceived dose, some Australian 
interviewees answered in terms of the comparative age of their scanners, others indicated 
that they were unsure and others answered that they were confident that their protocols 
delivered lower dose than protocols in other hospitals. The Saudi Arabian interviewees 
justified their answers by saying that their machines were old and therefore were likely to 
give high doses, that greater knowledge about dose was needed or that they were satisfied 
they were in the middle of the range. 
8.9.1 Statistical comparisons of perceived and actual doses. 
Perceived doses were analysed via t-tests using the numerical values (mGy.cm) 
associated with ranks on the dosimetry bar graphs (see Section F of Appendix 7.2 for 
Australians, Section F of Appendix 7.1 for Saudi Arabians) shown to interviewees. Note 
that because two Australian and three Saudi Arabian hospitals supplied more than one 
interviewee each the numbers of actual doses compared to perceived doses in this chapter 
is different to the numbers of doses analysed in the dosimetry chapter (see Chapter 5). 
Theerfore, the means of ‘actual doses’ are different across the two chapters. Nine 
Australian and 11 Saudi Arabian interviewees supplied perceived doses and were 
compared with nine and 11 actual doses, but unique dose measurements were made at 
seven Australian paediatric hospitals and eight Saudi Arabian hospitals. 
As shown in Table 8.4, Australian paediatric CT radiographers’ perceptions of the 
chest and abdomen/pelvis dose being delivered to paediatric patients in their hospitals are 
significantly lower than the actual doses. A two-tailed paired samples t-test found no 
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significant difference between perceived and actual dose for head scans for the Australian 
interviewees. 
Table 8.4 
Comparison of perceived and actual doses—Australia. 
Dose Scan Regions Mean St. Dev. t p 
Perceived Head 188.2 62.0 
-1.462 0.182 Actual Head 252.6 118.2 
Perceived Chest 25.7 4.5 
-2.322 <0.05 Actual Chest 51.1 32.5 
Perceived Abdomen/Pelvis 35.2 15.0 
-2.546 <0.05 Actual Abdomen/Pelvis 68.0 45.3 
 
Saudi Arabian interviewees’ perceptions of dose were more accurate than those of 
the Australian interviewees. No significant differences were found between perceived and 
actual dose for any region for the Saudi Arabian interviewees (see Table 8.5). Therefore, 
while Saudi Arabians’ perception of dose reflect that of the actual dose, the same cannot be 
said of the Australian paediatric CT radiographers. 
Table 8.5 
Comparison of perceived and actual doses—Saudi Arabia. 
Dose Scan Regions Mean St. Dev. t p 
Perceived Head 292.3 81.0 
-1.125 0.287 Actual Head 325.5 81.9 
Perceived Chest 53.4 16.7 
-0.651 0.530 Actual Chest 59.3 20.2 
Perceived Abdomen/Pelvis 69.2 13.3 
-0.045 0.965 Actual Abdomen/Pelvis 69.6 27.7 
 
In summary, the Australian paediatric CT radiographers believe that their dose 
ranking among their peers is better than it actually is in the chest and abdomen/pelvis 
regions, whereas Saudi Arabian paediatric CT radiographers are more pessimistic (and 
accurate) in their estimates. 
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8.10 Summary 
From the results documented in this chapter, it can be concluded that:  
• Australian interviewees accepted their paediatric CT position out of interest, 
whereas Saudi Arabian interviewees accepted after being allocated their 
position from the Ministry of Health. 
• Only three Australian interviewees, and no Saudi Arabian interviewees, 
reported having image quality and dose training in CT prior to beginning work 
in their departments. In general, the interviewees had little knowledge of dose 
and its risks before they came to CT. 
• Most Australian interviewees, and all Saudi Arabian interviewees, reported no 
experience in CT scanning before they joined their paediatric CT unit. There 
was a greater perceived importance on prior formal qualifications among the 
Saudi Arabian interviewees. 
• Most Australian and Saudi Arabian interviewees perceived paediatric CT to be 
different to general CT, and offered a variety of reasons, with the main reason 
cited being the increased importance of dose. 
• Australian paediatric CT radiographers said they wanted to remain in paediatric 
CT because they enjoyed it and were happy, but none were working exclusively 
in paediatric CT. In contrast, all of the Saudi Arabian respondents (100 per 
cent) worked exclusively in paediatric CT and only half predicted that they 
would remain in paediatric CT. 
• The majority of Australian interviewees indicated that image checks and 
machine servicing were performed regularly, whereas most Saudi Arabian 
respondents reported that no QA was performed at all. Most Saudi Arabian 
respondents cited a lack of qualified personnel as the reason. 
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• Almost all Australian respondents claimed that the protocols were modified or 
updated via evidence-based practice from their vendor’s defaults, whereas 
almost all Saudi Arabian respondents indicated that the protocol was set up by 
the manufacturer.  
• All Australian respondents, but only 64 per cent of Saudi Arabian respondents, 
modified their protocols for individual patients. 
• All Australian paediatric CT radiographers surveyed indicated that they are able 
to change or modify CT parameters. Conversely, less than half of Saudi 
Arabian paediatric CT radiographers were permitted to change parameters. 
• Saudi Arabian CT parameters were largely determined by the manufacturer of 
the equipment and experienced radiologists in individual cases, while 
Australian paediatric CT radiographers selected parameters based on the 
protocol, which can be changed by their own experience.  
• A majority of the Australian paediatric CT radiographers reported that dose was 
an important factor affecting parameter selection, whereas almost none of the 
Saudi Arabian paediatric CT radiographers reported this. 
• Few Australian interviewees reported rejecting or repeating CT scans, but 45 
per cent of the Saudi Arabians did so for reasons unrelated to concerns about 
radiation dose. 
• In terms of  perception of radiation dose, Australian respondents systematically 
answered with lower ratings than Saudi Arabian respondents for head, chest and 
abdomen/pelvis scans. Australian and Saudi Arabian paediatric CT 
radiographers did not perceive any difference in radiation dose between head, 
chest and abdomen/pelvis scans.  
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• In terms of perception of radiation risk, Australian and Saudi Arabian 
respondents rated the risk to patients from CT similarly, and both groups rated 
the risk from abdomen/pelvis scans as the highest risk of the three scan areas.  
• Almost all Australian paediatric CT radiographers believed that cancer risk was 
increased by a CT scan, but less than half of Saudi Arabian paediatric CT 
radiographers shared this view. 
• After being questioned on the action taken upon a dose error, replies from both 
Australian and Saudi Arabian respondents indicated a poor understanding of the 
importance of reporting radiation incidents. 
• The term ‘dose intervention’ is not familiar to or well understood by Australian 
or Saudi Arabian CT radiographers. 
• Once the concept of dose interveniton was explained, two-thirds of Australian 
respondents and one-third of Saudi Arabian respondents reported practising 
dose intervention.  
• The attitudes of Saudi Arabian and Australian interviewees to dose intervention 
are very similar, with both groups generally voicing the importance of avoiding 
excessive radiation dose. 
• Formal policies for dose intervention appear to be uncommon in both 
Australian and Saudi Arabian CT departments, although it is practised 
informally. 
• Australian paediatric CT radiographers did not see the need for different 
protocols for repeat scans, but almost half of Saudi Arabian interviewees 
reported that their departments had such procedures and were guided in this by 
radiologists. 
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• Most Australian paediatric CT radiographers reported participating in CPD 
related to CT, whereas fewer than half of the Saudi Arabian respondents 
reported doing so.  
• No Saudi Arabian paediatric CT radiographers, and only one Australian 
paediatric CT radiographer, reported completing any additional courses in 
Paediatric CT. 
• Training in CT dose was reported by over half of the Australian interviewees, 
with only one of the 11 Saudi Arabian interviewees reviewing CT dose training. 
This indicates a greater need for further education about dose among Saudi 
Arabian paediatric CT radiographers.  
• All Australian CT departments supported CPD, with most providing financial 
support. In contrast, few Saudi Arabian departments supported CPD and 
financial support was not offered. 
• Australian paediatric CT radiographers believe that their dose ranking among 
their peers is better than it actually is in the chest and abdomen/pelvis regions, 
whereas Saudi Arabian paediatric CT radiographers are more pessimistic and 
accurate in their estimates.  
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9.1 Introduction 
This research aimed to explore the difference in knowledge and attitude towards 
paediatric CT dose among radiographers from Australian and Saudi Arabian paediatric 
hospitals. In pursuit of this aim, the research described to date includes the first direct 
measurements of CT radiation doses in multiple dedicated paediatric hospitals ever 
conducted in Australia and Saudi Arabia. These measurements were accompanied by 
detailed surveys of Australian and Saudi Arabian paediatric CT radiographers’ knowledge 
about and attitudes towards CT radiation dose. This chapter brings together the main 
research findings and discusses their implications for future practice in CT, as well as their 
limitations. 
 
  
196 
9.2 Overall Findings 
Findings from the three main components of the research are briefly described and 
discussed below. 
 
9.3 Quantitative Survey 
The most noteworthy finding of this study is that although there is a disparity 
between Australian and Saudi Arabian paediatric CT radiographers in the average levels of 
education and experience in each sample population, there is no discernable difference in 
their attitudes towards the risk of CT radiation. The majority of paediatric CT 
radiographers from both countries reported a willingness to help lower the dose to their 
patients, and this implies that greater levels of knowledge in CT radiation dose do not 
directly lead to any change in attitude in paediatric CT radiographers. This result leads to 
the conclusion that paediatric CT radiographers do not require any additional 
encouragement about the importance of lowering patient dose, but only require the 
competency and autonomy to be able to modify CT protocols. There is also a greater 
commitment to CPD among Australian paediatric CT radiographers, and increased practise 
of dose intervention. This supports the conclusions of Moss and McLean (2006), who have 
argued for the importance of continuous education for paediatric CT radiographers. Mettler 
(2004) has also pointed to the lack of paediatric CT dose-reduction techniques in 
undergradate programs, making the need for CPD more pressing.  
The results from the survey also illustrated that almost half of Saudi Arabian 
paediatric CT radiographers are not permitted to alter protocol settings for individual 
patients, whereas Australian paediatric CT radiographers were allowed to do this. This 
confirms the importance of the recent recomendation by Kubo et al. (2008) and Donnelly 
(2005) that radiographers be allowed to alter parameters to minimise patient dose. 
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However, this recommendation alone would not directly result in a lower dose to patients; 
the knowledge base of paediatric CT radiographers in dose minimisation techniques also 
needs to be improved. 
Another important method of limiting patient dose is to question the necessity of a 
CT referral. The results presented in this study indicate that Saudi Arabian paediatric CT 
radiographers are, in general, very cynical about the necessity of their CT requests, but do 
not practise dose intervention as much as Australian paediatric CT radiographers. This 
sentiment confirms the finding of Oikarinen et al.’s (2009) study of paediatric CT 
examinations, which found that in many cases the justifications given for CT referrals were 
inadequate. This problem is also highlighted by Donnelly (2005), who recommended that 
health care worker-targeted educational campaigns can reinforce the need to challenge CT 
referrals. 
The two methods of paediatric CT dose minimisation mentioned above—altering 
scan parameters and justifying referrals—both require additional educational programs for 
radiographers to be successful. The Image Gently campaign was launched for exactly this 
purpose (Bulas et al., 2009a, 2009b; Goske et al., 2008), to provide radiographers with 
techniques and motivation to reduce the dose from ionising radiation-based imaging. The 
knowledge gaps identified in this study confirm the potential for Image Gently, and other 
related programs, to reduce paediatric patient dose. 
Another finding from this study was that it is not universally accepted that cancer 
risk is increased from a single CT examination. Overall, only 86 per cent of paediatric CT 
radiographers believed that a single CT scan carried a carcinogenic risk. The disbelief of 
CT’s carcinogenic potential has been established among physicians and radiologists by Lee 
at al. (2004) and Rice et al. (2007). However, as noted in Chapter 2 of this study, there has 
been no survey conducted on similar beliefs among radiographers. The findings of this 
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study indicate that even paediatric CT radiographers, who should be the most familiar with 
the dangers associated with ionising radiation, are not fully convinced of the carcinogenic 
potential of CT. Therefore, these findings agree with the finding of Lee and Rice that 
health care professionals are not universally convinced of the danger of CT imaging. This 
survey also found that Australian paediatric CT radiographers have more experience than 
Saudi paediatric CT radiographers, and that Australian paediatric CT radiographers also 
had a higher degree of knowledge regarding CT risk. It has previously been established 
that senior physicians have a lower degree of knowledge regarding CT risk (Shiralkar et 
al., 2003). However, the results from our survey indicate that the same trend is not 
observed among paediatric CT radiographers. 
It was also seen from the collection of protocols used by the different paediatric CT 
departments that there was a wide variation in settings that determine dose to patients, such 
as tube current and voltage (see Appendix 4.1). This highlights the importance of the 
findings of Moss and McLean (2006), who recommend that CT protocols be regularly 
updated, and also confirms the findings of DRL studies, which have found large variations 
across different CT departments (Leswick et al., 2009; Smans et al., 2008; Tsai et al., 
2007). 
The overall finding from the survey with respect to the central research question is 
that Australian paediatric CT radiographers are better equipped to understand the true 
danger of CT radiation dose, but their quantification of the risk is about the same as the 
less-trained, less-informed Saudi paediatric CT radiographers. The results from this section 
have been summarised and published in The Radiographer, 2011 (Almohiy et al., 2011). 
Now that the opinions of paediatric CT radiographers from Australia and Saudi Arabia 
have been surveyed, it is possible to compare these results to the actual dosimetry 
measurements.  
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9.4 Dosimetry 
To compare paediatric CT radiographer perceptions of their CT doses to reality, 
dosimetry measurements were taken at each paediatric CT department in Australia and 
Saudi Arabia. The most significant finding from the dosimetry studies is that the variation 
in dose delivered by different hospitals is alarmingly high, considering that the resulting 
images are deemed by their departments to be of adequate quality for diagnostic use. This 
confirmed the findings of the protocol survey, which predicted that the wide variation of 
scan parameters would produce a wide dosimtery distribution. For example, the head scan 
from hospital A7 delivered 3.8 times more radiation than hospital A4, and the 
abdomen/pelvis scan from hospital A5 delivered 4.7 times more radiation than hospital A3. 
Head CT scans were found to vary between 137.6 and 528.0 mGy.cm, chest CT scans 
varied from 21.9 to 92.5 mGy.cm and abdomen/pelvis scans varied from 24.9 to 118 
Gy.cm. As stated in Section 9.2.1, this agrees with other DRL-based studies that have 
found considerable variation of dose for equivalent imaging purposes (Leswick et al., 
2009; Shrimpton, Hillier, Lewis & Dunn, 2006; Smans et al., 2008; Tsai et al., 2007). The 
fact that such large variation in dose was discovered in paediatric CT scan protocols makes 
these results particularly important, as children are more susceptible than adults to harm 
from radiation (Huda, 2002a, 2002b). Our confirmation of these results highlights the 
importance of reducing excessive CT radiation exposure. It was also found that there were 
no CT departments that were uniformly better or worse than their peers, confirming the 
advice of Seeram and Brennan (2006) that individual hospitals should not be identified as 
‘high-dose hospitals’ on the grounds that there is, in practise, no such thing as a hospital 
with uniformly acceptable CT protocols across all categories. This illustrates once more 
that it is the protocol, rather than the machine, that is the determining factor in patient dose, 
and that regular protocol review is necessary to maintain low doses. By extrapolation, if 
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such dose variations can occur in the dedicated paediatric CT departments measured in this 
study, then an equal or greater variation should be expected in CT departments that only 
undertake occasional paediatric CT examinations.  
Once outliers were removed, the Australian dose distributions were lower then 
Saudi Arabian dose distributions for head, chest and abdomen/pelvis scans, although 
sometimes with only a weak statistical significance. This means that on average, the dose 
received by an Australian CT paediatric patient is lower than the dose received by a Saudi 
Arabian CT paediatric patient for an equivalent scan, regardless of scan region. The weak 
statistical significance was surprising, since the results from the survey indicated that 
Australian paediatric CT radiographers update their protocol more regularly and have more 
up-to-date equipment. This is surprising since single-slice CT scanners are expected to 
have a lower dose than 64-slice scanners when using comparable scan settings 
(McCollough & Zink, 1999). This illustrates that differences in machine age or slice 
number is not a determining factor in patient dose, in comparison to the protocol used. 
Another interesting result was that CT console dose correlated poorly with 
measured dosimetry results. According to Seeram and Brennan (2006), DRLs are an 
important tool for minimising patient CT dose. However, if CT console data is to be used 
as the raw data for a DRL, then it is assumed that console data can be compared across 
different CT scanners. Although this does not directly affect the research questions of this 
study, it does raise doubt about the applicability of comparing CT console data from scans 
to collate regional DRLs, as has been done in several studies (Leswick et al., 2009; Smans 
et al., 2008; Tsai et al., 2007). One explanation tested was that different tube voltages were 
responsible for this poor correlation. However, as found in Section 6.2.7, this was not the 
case. Consequently, this is an issue that requires further investigation. 
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With regard to the central research question, the differences seen in the dosimetry 
studies across different CT departments are thought to be due to the differences identified 
in the paediatric CT radiographers’ survey—namely, different levels of paediatric CT 
radiographer education, awareness of radiation dose and protocols (Almohiy  et al., 2011). 
Other researchers have found that paediatric CT radiographer understanding of variables 
affecting CT dose has a large impact on the delivered dose (Muhogora et al., 2006). A 
1998 study identified different imaging technique as the cause of an observed variation of 
10–40 per cent in the typical dose between individual scanners (Shrimpton & Edyvean, 
1998). The IAEA (2002) recommends paediatric-specific education and training of 
radiographers involved in paediatric CT.  
As the comparative dosimetry measurements have been conducted, it is possible to 
return to the analysis of the knowledge and attitudes of paediatric CT radiographers on 
their departments’ CT doses, using the dosimetry distributions as data to support 
comments.  
 
9.5 Qualitative Interview 
9.5.1 Paediatric computed tomography radiographer experience and qualifications. 
The first topic covered by the in-depth interviews was the level of qualifications 
achieved by each interviewee, and their level of experience in CT imaging. The interviews 
revealed that very few Australian or Saudi paediatric CT radiographers received training in 
CT image quality and dose prior to beginning work in their departments. In general, the 
interviewees had little knowledge of dose and its risks before they came to CT. This 
confirms Mettler’s (2004) view that university training courses do not adequately cover CT 
dose-reduction techniques. Moreover, most Australian interviewees, and all Saudi 
interviewees, reported having no CT experience before joining their paediatric CT unit. 
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Although there is a greater perceived importance on prior formal qualifications among the 
Saudi interviewees than among the Australian interviewees, there is also an 
acknowledgement that previous qualifications are not enough for paediatric CT, as 
illustrated by one of the Saudi interviewees:  
I believe my qualification in paediatric CT is necessary for the job, but we 
need more knowledge and techniques about how to reduce CT and select 
proper protocols (Participant B5b).  
Most Australian and Saudi interviewees perceived paediatric CT to be different to 
general CT and offered a variety of reasons, with the main reason cited being the increased 
importance of dose. This suggests that the majority of paediatric CT radiographers 
interviewed here are familiar with the research indicating that children are more 
susceptible to radiation exposure (ACR, 2001; Frush et al., 2003; ICRP, 1991; UNSCEAR, 
2000; Wakeford, 2004).  
9.5.2 Workplace culture. 
There were a number of results from the interview that showed differences in 
workplace culture between Australia and Saudi Arabia, and highlighted a more subservient 
attitude among Saudi paediatric CT radiographers. First of all, it was revelaed that all 
Australian paediatric CT radiographers interviewed were free to modify their protocols for 
individual patients, but that less than half of Saudi paediatric CT radiographers were 
permitted to do so. Further, Saudi paediatric CT radiographers claimed to be motivated by 
a desire to avoid mistakes, with this cited as a reason that they were not permitted to 
modify protocols. Second, approximately two-thirds of Australian paediatric CT 
radiographers practised dose intervention, compared to only one-third of Saudi paediatric 
CT radiographers. Among Saudi paediatric CT radiographers, some claimed that dose 
intervention was not within their responsibility, as illustrated in the following quotation: 
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No, I don’t practise CT dose intervention because the protocol is the 
responsibility of the radiologist and they say to me what they want and I 
follow their instructions (Participant B3b). 
Third, the elaborated answers on why Australian and Saudi paediatric CT radiographers 
reject or repeat scans revealed that the Saudi paediatric CT radiographers who did not 
reject scan referrals were pessimistic about the importance of their opinion, as 
demonstrated in the following quotations: 
That decision comes from the radiologist (Participant B3b). 
No … because no one accepts my rejections (Participant B5b). 
No, I don’t ever reject or repeat CT scan analysis records because the Dr 
does what he wants and we’re not allowed to because of our degree 
(Participant B8). 
These three results illustrate a general feeling among Saudi paediatric CT 
radiographers that their expertise is not trusted or regarded, which could explain the 
pessimistic opinion of the fraction of CT referrals that were justified, as expressed in the 
initial survey in Section 4.2.11. For many years, the authority of radiologists and 
oncologists has limited the functional autonomy of radiographers (Baird, 1998; Campeau, 
1999), which affects radiographers’ ability to modify protocols. Further, attitudes towards 
CPD are determined by the culture of the radiographer’s workplace (Sim, 2000; Sim & 
Radloff, 2009). These two effects of workplace culture can be seen in our results to inhibit 
the autonomy and development of clinical practice among Saudi paediatric CT 
radiographers, when compared to Australian paediatric CT radiographers.. 
9.5.3 Computed tomography protocol. 
One of the major differences identified between Australian and Saudi paediatric 
radiography practice was in the establishing of CT protocols. Australian paediatric CT 
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radiographers almost unanimously claimed that their protocols were modified or updated in 
some way from their CT equipment’s defaults, whereas almost all Saudi paediatric CT 
respondents indicated that their protocols were set by the manufacturer. Two-thirds of 
Australian paediatric CT radiographers also mentioned that literature review was part of 
the procedure for protocol establishment. Further, it was revealed that radiation dose is not 
generally considered to be an important factor in the selection of parameters among Saudi 
paediatric CT radiographers, but that over half of Australian paediatric CT radiographers 
consider dose to be an important factor. The importance of these results is that, in Saudi 
Arabia, the recommendations of articles that emphasise the minimisation of dose through 
careful protocol selection (Broder, 2008; Petricoin et al., 2002) are being ignored. 
9.5.4 Quality assurance practice. 
A point of commonality between Australian and Saudi CT department practice is 
that QA was minimal across both countries. Two-thirds of Australian paediatric CT 
radiographers and 18 per cent of Saudi paediatric CT radiographers claimed that daily 
image checks were conducted. However, no interviewee showed that any regular 
performance-based QA was being conducted, beyond machine servicing from 
manufacturers. This lack of QA stands in direct opposition to the recommendations of the 
papers issued by both the AAPM (Mutic et al., 2003) and the ACPSEM (1996), which 
made detailed recommedations for the regular QA of CT scanners. A majority of Saudi 
paediatric CT respondents cited a lack of qualified personnel—that is, medical physicists—
to conduct in-depth QA testing.  
9.5.5 Continuous professional development. 
The level of involvement in CPD differed markedly between Australian and Saudi 
paediatric CT radiographers. Across all questions asked, Australian paediatric CT 
radiographers claimed a greater number of CPD activities than the Saudi paediatric CT 
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radiographers. This contrast is shown most clearly in the departmental policies for CPD: 
whereas every Australian CT department had a CPD policy, and most reporting that 
funding was available, only two of the 11 Saudi interviewees said their departments had a 
policy on CPD, and no financial support was available. All 11 Saudi paediatric CT 
respondents made mention of their need for CPD funding within the ‘additional comments’ 
section at the end of the interview. This illustrates that the Saudi paediatric CT 
radiographers are acknowledging this as a serious deficiency in their education, and that 
funding is the main barrier to increasing CPD participation in Saudi Arabia. This confirms 
the opinion of Muhogara et al. (2006), who found that CPD is important to radiographers 
(French & Dowds, 2008; Gould, Drey & Berridge, 2007). This difference in CPD policy 
between Australia and Saudi Arabia coincides with the percentage of paediatric CT 
radiographers who predicted that they would remain in paediatric CT. All Australian 
paediatric CT radiographers, but only half of Saudi paediatric CT radiographers, were 
happy to continue in paediatric CT. This correlation of poor CPD policy and poor job 
satisfaction echoes the findings of other researchers, who believe that there is a link 
between radiographer staff retention and CPD programs (Henwood et al., 2004).  
9.5.6 Paediatric computed tomography radiographer perception of computed 
tomography dose. 
The results from the interviews regarding the paediatric CT radiographers’ rating of 
their dose compared to their peers showed an interesting trend. Three of the nine Australian 
paediatric CT respondents (33 per cent) mentioned in their answers that the dose from their 
department is lower because they have a new scanner. Three of the 11 Saudi paediatric CT 
respondents (27 per cent) also mentioned the age of their equipment when comparing their 
dose ranking with other hospitals. This indicates that there is a false assumption among 
some paediatric CT radiographers that newer and higher-resolution scanners give a lower 
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dose. In fact, as the results of other studies (Brix et al., 2003; Giacomuzzi et al., 2001; Kato 
et al., 2002) illustrate, newer multi-slice CT scanners actually have a higher dose than their 
single-slice equivalents.  
The Australian paediatric CT radiographers underrated their department’s CT dose 
ranking among their peers. This is in contrast to the Saudi paediatric CT radiographers, 
who gave a more accurate estimate of their department’s dose ranking. The Australian 
paediatric CT radiographers’ optimism may reflect a well-known bias in thinking 
commonly known as illusory superiority—another example of which would be an 
individual’s belief that he or she is a better driver than others (Hoorens, 1993). However as 
mentioned above, since the Saudi paediatric CT respondents believed that their scanners 
were too old and their protocols were poor, the illusory superiority bias was negated, 
resulting in a more accurate overall judgement of their rank among peers.  
9.5.7 Cancer risk and paediatric CT radiographer perception. 
One of the most important findings from the interview is the confirmation of the 
survey data, which showed that Australian paediatric CT radiographers are more convinced 
of the carcinogenic potential from CT radiation than Saudi paediatric CT radiographers. 
The initial survey found that 94 per cent of Australian and 78 per cent of Saudi paediatric 
CT radiographers believed that CT radiation carried a cancer risk, while the interview 
results were 89 per cent (Australian) and 45 per cent (Saudi Arabian) for the same 
question. This result is important, as although such a belief—that CT scans do not increase 
the lifetime risk of cancer—has been well documented in physicians and radiologists (Lee 
et al., 2004; Rice et al., 2007), the results from paediatric CT radiographers to the same 
question have not been reported before. Therefore, this research adds a measurement of 
paediatric CT radiographer understanding to the literature regarding CT cancer risk. 
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As detailed in Section 4.2.9, the survey found that there was no overall difference 
between Australian and Saudi estimates of the radiation risk from paediatric CT. In the in-
depth interview, this question was asked again, yielding the same result—there was no 
statistically significant difference (Student’s t-test T=0.29, p=0.78) between Australian and 
Saudi distributions for radiation risk rating when all scan body regions were combned, as 
seen in Figure 9.1. This confirms the original findings for the survey. 
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Figure 9.1. Comparison of Australian and Saudi Radiation risk ratings from 
head/chest/abdomen pelvis regions. 
In addition, the in-depth interview confirmed that both Australian and Saudi 
paediatric CT radiographers perceived the radiation risk from an abdomen/pelvis scan to be 
higher than the risk from a head scan. While this is generally true of adult CT, due to the 
increased organ sensitivity of the pelvis (Brenner & Hall, 2007), the data shown by the 
adult/paediatric CT comparison by Huda (2002) illustrates that the opposite is true for 
paediatric CT. This result confirms the opinion of Mettler (2004), in so far as this 
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misunderstanding is a symptom of the lack of paediatric CT dose training in undergraduate 
radiography courses. This result adds importance to the recommendations of Moss and 
McLean (2006), who argue that paediatric CT training is especially needed.   
9.5.8 Paediatric computed tomography radiographer attitude to computed 
tomography dose. 
The attitudes of the Australian and Saudi paediatric CT radiographers is of central 
importance to the main research question that this study attempts to answer. The results of 
the in-depth interview confirm the earlier results from the survey, that both Australian and 
Saudi paediatric CT radiographers have a positive attitude to minimising their CT dose. 
During the interviews, it was revelaed that many participants did not understand the term 
‘dose intervention’. However, after the concept was explained, 67 per cent of Australian 
and 27 per cent of Saudi paediatric CT radiographers reported having engaged in dose 
intervention. This indicated that although the terminology is not familiar, the practise is 
common, at least in Australia. During the course of the interviews, many participants 
voiced their opinion that avoiding excessive radiation dose was important. The conclusion 
from these results in that paediatric CT radiographers are willing to pursue dose 
optimisation, and that their limited knowledge of CT doses does not adversely affect their 
attitude towards dose minimisation. 
One piece of data obtained from the intial survey that was clarified in the interview 
was the issue of why Saudi paediatric CT radiographers reject and repeat CT scans. The 
intention of the survey question was to gauge the willingness of paediatric CT 
radiographers to reject an unjustified CT referral, and the survey data indicated that Saudi 
paediatric CT radiographers rejected or repeated more CT scans than Australian (52 per 
cent and 21 per cent, respectively). This particular result of the survey was contrary to the 
general response to other questions, which indicated that Australian paediatric CT 
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radiographers were more interventionist in minimising CT dose. Therefore, this question 
was repeated in the interview in the hope of obtaining an expalanation for this result. The 
interviews indicated that Saudi paediatric CT radiographers generally rejected CT referrals 
due to incomplete paperwork or sedation issues, rather than out of a concern for excessive 
dose, as ilustrated by this quotation: 
If the patient doesn’t have sedation, he rejects it. (Participant B1).  
The significance of this result was to remove the initial survey responses as being evidence 
of Saudi dose intervention. 
 
9.6 Answering the Research Question 
After all sections of this study have been considered, the research question can be 
addressed. The central research question was stated in Section 1.3 and is reproduced 
below:  
Does Saudi Arabian and Australian paediatric CT radiographers’ knowledge 
of and attitude towards CT dose affect the selection of clinical paediatric CT 
protocols? 
To best answer this question, we split it into two parts: knowledge and attitude. The 
differences in paediatric CT dose knowledge in Australian and Saudi Arabian paediatric 
CT radiographers have been examined in Chapters 4 and 8. The findings reveal a general 
trend towards a greater knowledge among Australian paediatric CT radiographers, but not 
among Saudi paediatric CT radiographers. This higher level of knowledge allows 
Australian paediatric CT radiographers to perform dose intervention and modify their 
protocols more frequently than Saudi Arabian paediatric CT radiographers. Despite this, 
Australian paediatric CT radiographers have the same misconceptions of paediatric dose 
and risk as Saudi Arabian paediatric CT radiographers; for example, the head was regarded 
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as more sensitive than the abdomen/pelvis for paediatric patients, as detailed in Section 
9.2.3.7. Further, some paediatric CT radiographers from both countries believed that newer 
and higher-resolution scanners gave a lower dose, as detailed in Section 9.2.3.6.  
The effect of paediatric CT radiographer attitude on selection of paediatric 
protocols was also examined in Chapters 4 and 8. The answer to this part of the central 
question is elusive, since both Australian and Saudi Arabian paediatric CT radiographers 
had very positive attitudes towards dose minimisation. However, in some of the Saudi 
interviews, there was a general feeling that their expertise was not trusted or regarded. To 
summarise, the positive attitude towards dose optimisation on the part of Saudi respondents 
is not inhibited by their lack of CT knowledge or the limited autonomy of their workplace 
culture. Paediatric CT radiographers from both countries are willing to pursue dose 
optimisation. 
 
9.7 Recommendations for Further Research 
This research has revealed valuable information regarding the knowledge levels of 
paediatric CT radiographers in Australia and Saudi Arabia. However, further research is 
needed.  
First of all, it is now necessary to design an education programme for paediatric CT 
radiographers to increase their knowledge on radiation dose, including the risks associated 
with CT and techniques for minimising the dose to each patient. It is also necessary to re-
evaluate paediatric CT radiographer knowledge after the implementation of this course, to 
verify its effectiveness.  
Second, it is important to note that this research only evaluated CT dosimetry for 
age ranges 3–6—further studies should be conducted across all age ranges to fully evaluate 
the effectiveness of current protocols and highlight areas for improvement. 
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Third, CT departments who scan children should be encouraged to compare their 
paediatric CT dose data to the RLs established in this research. When DRLs are 
established, departments can use this data for comparison over every age group and 
determine where the dose they deliver to the patient sits in relations to other paediatric CT 
departments.  
Finally, it is necessary to standardise the quality control testing conducted on CT 
scanners, as also recommended by Tsai et al. (2007). This will help reduce variance 
between scanners and provide a benchmark from which CT scanner console data can be 
meaningfully compared. As mentioned in Section 10.6.6, qualified medical physicists will 
be needed to regularly perform QA testing. However, this solution presents its own set of 
financial and logistical problems. These problems must be investigated to make regular QA 
realistic for smaller or remote centres without immediate access to dedicated medical 
physicists.  
 
9.8 Limitations of the Study 
As with any research study, there are limitations to the data due to the data set, the 
methodology and logistical difficulties. This section documents all such barriers and 
assesses their impact on the validity of the findings. 
Only public paediatric hospitals were used in the data set. This is because there are 
no private paediatric hospitals in either Australia or Saudi Arabia, and the selection of 
solely paediatric hospitals was to isolate paediatric practise from general CT. Although 
paediatric CT occurs regularly in general hospitals, that data was intentionally excluded 
from this research. Therefore, the scope of this research and its conclusions do not extend 
into general hospitals, public or private. 
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There were several disruptions to the course of data collection for the 
questionnaires and the dosimetry results. First, questionnaire results from one hospital in 
Saudi Arabia were not mailed to the researcher as instructed, but were instead collected by 
the radiographer-in-charge and personally handed to the researcher. This may have affected 
the manner in which respondents answered the survey, in that paediatric CT radiographers 
may have been concerned that their answers would affect their relationship with their 
manager. However, the survey results were given to the radiographer-in-charge in sealed 
envelopes. Therefore, this was not thought to impact on the quality of the data.  
The questionnaires were in English, which is spoken fluently by all participants. 
Most Saudi participants were graduates of institutions located in Australia or other 
English-speaking countries, and the interview was conducted in English. During the course 
of the interview, some technical language had to be clarified before answers could be 
given. This was a primary reason that the interviews were conducted face-to-face: to assess 
body language as a measure of comprehension of the question. Further, radiographer 
training in Saudi Arabia is all in English. Therefore, it is unlikely that there was any 
difference in the level of understanding of the questionnaires by paediatric CT respondents 
working in Saudi and these working in Australian paediatric hospitals. This is not thought 
to have had any significant impact on the findings of the research. 
There were some inconsistencies in the data collection during the dosimetry 
readings due to technical issues. First of all, the dosimetry readings were disrupted by CT 
scanner maintenance at one hospital, which caused a delay of two weeks. Secondly, not all 
CT scanners were equipped with CTDI and DLP console displays, since the console 
software version VA40C was old and upgrading the software was prohibitively expensive. 
Therefore, five hospitals from Saudi Arabia did not have CTDI and DLP console data for 
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analysis. While this issue limited the amount of information gathered, it did not affect the 
gathering of actual dosimetry measurements, which was the primary purpose of the study. 
The survey and the interview also had limitations, the most obvious of which was 
that the wording of questions could affect the responses of individuals. This was clearly 
understood from the start of the study and questions were carefully worded and trialled 
with experienced academics, as explained in Sections 3.4.1 and 7.2.4. Another issue 
encountered while conducting the interviews was the reluctance expressed by some 
paediatric CT radiographers to be recorded. In these cases, the audio recording was stopped 
and a transcript was written by the interviewer as the sole record of the interview. This was 
not thought to impact on the result, as the pace of the interview was determined by the 
interviewer and so all relevant details from each answer were recorded before proceeding 
to the next question. Although the total number of interviewees was relatively small, 9 and 
11 from Australia and Saudi Arabia, respectively, these numbers are typical of qualitative 
studies. Findings from the interviews were able to provide the researcher with further 
understanding of the survey responses. 
 
9.9 Summary 
The results from this research have been discussed and compared to the existing 
literature. The results have shown that the higher level of knowledge among Australian 
paediatric CT radiographers has an effect on their ability to select paediatric CT protocols 
and alter parameters to suit the individual patient. Further, the attitude of both Saudi and 
Australian paediatric CT radiographers towards dose minimisation is positive, even though 
the workplace culture of Saudi Arabia does not grant much authority to paediatric CT 
radiographers. 
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Chapter 10: Conclusions and Recommendations 
 
 
10.1 Overview 
10.2 Findings of the Survey 
10.2.1 Comparison of Paediatric CT Radiographers’ Knowledge 
10.2.2 Comparison of Paediatric CT radiographers’ Attitude 
10.2.3 Protocols Used by Paediatric CT Departments 
10.3 Findings of the Dosimetry Measurements 
10.4 Findings of the Interviews 
10.5 Addressing the Research Question 
10.6 Recommendations 
10.6.1 Recommendations for Educational Institutions 
10.6.2 Continuous Professional Development 
10.6.3 Protocol Updates 
10.6.4 Diagnostic Reference Levels 
10.6.5 CT Request Justification 
10.6.6 Quality Assurance 
10.7 Recommendations for Further Research 
10.8 Limitations of Study 
10.9 Outcomes 
 
10.1 Overview 
This research conducted an investigation into the knowledge and attitudes of 
Australian and Saudi Arabian paediatric CT radiographers, and determined the relationship 
between these and their selection of CT protocols.  
CT has established itself as a very important imaging modality, with increasing 
popularity among adult and paediatric patients. Despite many technical advances in CT 
technology, the dose delivered to patients remains high. The paediatric CT radiographers 
have an important role in reducing this dose in accordance with the ALARA principle. 
However, their ability and willingness to do so has not been fully explored. The literature 
clearly shows that between CT departments, a wide range of doses is often delivered (Tsai 
et al., 2007; Smans et al., 2008; Billinger et al., 2010), and that improving radiographer 
education will enable them to limit dose more effectively (Moss & McLean, 2006; Soye & 
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Paterson, 2008). The implementation of regional DRLs has also been recommended to 
identify areas for protocol revision (Shrimpton et al., 1999; Hart & Wall, 2001; Matthews 
& Brennan, 2009). However, so far this has not been done for Australian or Saudi Arabian 
paediatric CT departments.  
This chapter summarises the findings of this research and relates these findings to 
the initial questions, while simultaneously attempting to place this new knowledge in the 
context of the existing literature. Lastly, a series of recommendations is presented for 
further investigation and for changes to clinical practise.  
To achieve the aims stated in Section 1.4, three separate studies were undertaken. 
The first study was a survey of paediatric CT radiographer experience, opinions and 
attitudes in Australia and Saudi Arabia. The second study established the RLs for 
paediatric CT departments in Australian and Saudi Arabia. The third study involved in-
depth interview with paediatric CT radiographers to establish their attitudes and levels of 
knowledge regarding paediatric CT dose and their perceptions of their department’s CT 
dose. 
 
10.2 Findings of the Survey 
The survey yielded important data related to three separate areas: 
1. The knowledge levels of Australian and Saudi Arabian paediatric CT 
radiographers,  
2. The attitudes of Australian and Saudi Arabian paediatric CT radiographers, and 
3. The protocols used by paediatric CT departments in Australian and Saudi 
Arabia. 
The findings of each of these topics are presented below. 
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10.2.1 Comparison of paediatric computed tomography radiographers’ knowledge. 
This study concludes that Australian paediatric CT radiographers have a higher 
level of formal education and participate more frequently in CPD activities. This is 
reflected in their greater willingness to modify CT protocols, and alter CT protocols for 
individual cases. This study also concludes that Australian paediatric CT departments have 
more frequent and inclusive meetings to update CT protocols used in their department.  
However, it has also been revealed that Australian paediatric CT radiographers 
suffer from the same misconceptions about paediatric CT dose as their less well-educated 
Saudi Arabian counterparts. This reflects their poor exposure to paediatric-specific CT 
dose training within their formal and CPD programmes.  
10.2.2 Comparison of paediatric computed tomography radiographers’ attitudes. 
It has been shown in this study that paediatric CT radiographer knowledge and 
understanding of CT dose affects protocols, and varies between Australian and Saudi 
Arabian paediatric hospitals. With regards to the attitude of paediatric CT radiographers, 
this study has found a strong positive attitude to dose reduction on the part of both the 
Australian and Saudi Arabian paediatric CT radiographers. In the case of Saudi Arabian 
paediatric CT radiographers, their positive attitude to dose optimisation was not seen to be 
inhibited by their relative lack of knowledge as compared to Australian paediatric CT 
radiographers.  
10.2.3 Protocols used by paediatric computed tomography departments. 
A review of the paediatric protocols indicated that the range of CT protocols used 
in paediatrics is vast. Each department indicated that they used a ‘general’ or ‘routine’ 
protocol for head, chest and abdomen/pelvis CT scans that were not specified in their 
clinical indications. The age range of 3–6 years was selected for the dosimetry 
measurements to be conducted at each hospital. 
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10.3 Findings of the Dosimetry Measurements 
The dosimetry results revealed that doses vary substantially across Australian and 
Saudi Arabian paediatric hospitals. From these results, RLs have now been established for 
major anatomical regions that undergo CT. Overall, there was a weakly significant 
difference between Australian and Saudi Arabian doses across all body regions, with 
Australia giving a lower average dose across all regions.  
The significance of these findings is that the observed differences in department 
policy and paediatric CT radiographer knowledge levels summarised in Section 8.2.2 may 
affect the overall dose distribution to the paediatric population. 
 
10.4 Findings of the Interviews  
It has been shown in this study that Australian paediatric CT radiographer are more 
empowered to make dose-reducing alterations to protocol than Saudi Arabian paediatric 
CT radiographers. The interviews also revealed that the quantification of CT risk by 
Australian and Saudi Arabian paediatric CT radiographers is about the same, confirming 
the findings of the initial survey. Likewise, the interviews confirmed the finding of the 
initial survey that Australian paediatric CT radiographers are more convinced than their 
Saudi counterparts of the increased risk of cancer as a result of a CT scan. Further, the 
interviews revealed that Saudi Arabian paediatric CT radiographers generally reject 
referrals because of paperwork or sedation issues, rather than out of concern for excessive 
or unwarranted referrals. 
The significance of these results is that the interviews confirm that Australian 
paediatric CT radiographers have a greater awareness of the risks of CT radiation, and are 
more proactive in their actions to reduce their departments’ dose. 
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10.5 Addressing the Research Question 
The initial research question was stated in Section 1.3 and is reproduced below: 
Does Saudi Arabian and Australian paediatric CT radiographers’ knowledge 
of and attitude towards CT dose affect the selection of clinical paediatric CT 
protocols? 
This question was answered in depth in Section 9.3. To summarise, the findings of 
this research indicate that their higher level of knowledge allows Australian paediatric CT 
radiographers to be more proactive in performing dose intervention and modifying their 
CT protocols than Saudi Arabian paediatric CT radiographers. There was a strong 
favourable attitude towards dose intervention and minimisation found in both countries. 
Therefore, no differences in practice could be attributed to radiographer attitude. 
 
10.6 Recommendations 
In the process of exploring and conducting this research project, the researcher 
discovered several possible areas for improvement to clinical practice among paediatric CT 
radiographers, as well as possible avenues for future research. These recommendations are 
listed in the following sections.  
10.6.1 Recommendations for educational institutions 
As other researchers have observed (Mettler, 2004; Strauss et al., 2010), there was a 
lack of paediatric CT specific knowledge obtained by radiographers in their undergraduate 
courses. For this reason, this study recommends that this issue be reviewed, particularly by 
those responsible for the development of undergraduate CT courses, and that the topics of 
dosimetry and paediatric dosimetry are included in radiographer undergraduate education 
and training.  
 219  
10.6.2 Continuing professional development 
From the results of this research, it is clear that continuous education is needed to 
develop an adequate knowledge of dose minimisation among paediatric CT radiographers. 
This is highlighted by the lack of paediatric-specific training reported by both Australian 
and Saudi Arabian paediatric CT radiographers upon starting their current employment. 
Therefore, it is recommended that radiographers pursue CPD activities, to acquire the 
technical knowledge and expertise required to minimise their CT dose effectively.  
One of the most important findings of this research may be that Saudi Arabian CT 
departments did not have much support for CPD activities and seldom had any policy 
regarding CPD. This is identified as a major factor limiting paediatric CT radiographer 
expertise in Saudi Arabia. It is therefore recommended that all Saudi Arabian CT 
departments encourage and financially support CPD among paediatric CT radiographers, 
and develop departmental policies to that end. This will improve the knowledge base of 
paediatric CT radiographers to minimise radiation exposure to paediatric patients. This end 
would best be served by making participation in CPD mandatory for Saudi Arabian 
paediatric CT radiographers. 
10.6.3 Protocol updates 
In regards to paediatric CT protocols, this research uncovered a lack of protocol 
review meetings among Saudi Arabian CT departments, with the result that parameters are 
largely, if not wholly, defined by the CT vendor’s default settings. This means that 
paediatric CT scans are conducted without any optimisation to minimise dose. Therefore, 
this research recommends that regular protocol reviews be conducted that analyse the 
literature for ideas on minimising dose. This is in agreement with the recommendations of 
other researchers (Moss & McLean, 2006; Kharita & Khazzam, 2010; Strauss et al., 2010). 
CT departments should also develop policies regarding excessive dose and repeat scans. 
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CT vendors currently incorporate a wide range of dose-limiting features into their 
scanners. However, it is not always clear how best to use these advanced features (NEMA, 
2011). For this reason, vendors should provide in-depth training for paediatric CT 
radiographers on the methods for adjusting individual parameters to accommodate 
individual patients using their software. 
10.6.4 Diagnostic reference levels 
DRLs are a useful tool for identifying poor protocol definition and points of 
excessive dose. For this reason, many researchers have pointed to the need to establish 
regional DRLs for each major CT scan region, and specifically for paediatric patients (EC, 
1996; Kharita & Khazzam, 2010; Wallace, 2010; Watson & Coakley, 2010). This research 
also recommends that DRLs continue to be conducted as a useful measurement for not 
only adult, but also paediatric CT protocols.  
Until formal DRLs are established, CT departments that are scanning paediatric 
patients can use the RLs established in this research. CT departments can, with a high level 
of confidence, use their own CTDIVOL and DLP external measurements over 100 mm and 
determine where they are ranked against other dedicated paediatric CT scanners. By 
performing this comparison, CT radiographers can determine whether their standard 
paediatric CT scans are within the dose limits established by this research. 
10.6.5 Computed tomography request justification 
It was revealed during the course of this research that a large number of Saudi 
Arabian paediatric CT radiographer believed that the majority of CT requests were not 
justified. It was also revealed that Saudi Arabian paediatric CT radiographers do not 
generally reject requests on such a basis. Each CT scan should have a clear medical 
justification to ensure that the overall CT dose delivered to the population is kept as low as 
practicable (Armstrong et al., 2001; Brix et al., 2003; Vock, 2005). For this reason, it is 
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essential that CT departments develop guidelines on how to query or double check the 
necessity of a CT request. This will prevent unnecessary CT scans and give radiographers 
the confidence to approach referring physicians and radiologists regarding the necessity of 
a scan. This problem has also been identified by the Image Gently campaign (Strauss et al., 
2010). As has been recommended elsewhere, radiographers must familiarise referring 
physicians with the risks associated with CT scanning and guide them on the appropriate 
use of CT (Goske et al., 2008; King et al., 2009). The use of low- or no-dose modalities 
(such as MRIs or ultrasounds) should be recommended as a substitute for CT whenever 
possible (Amis et al., 2007; Ashley et al., 2005; Vock, 2005). 
10.6.6 Quality assurance 
This research has revealed a lack of methodical QA procedures beyond daily image 
checks in both Australian and Saudi Arabian paediatric CT departments. QA is vital to the 
correct functioning of radiation equipment. Both the AAPM (1990) and the ACPCEM 
(1996) have guidelines for the implementation of CT QA procedures. This research 
recommends that each CT department have access to a qualified medical physicist to 
perform regular QA checks on CT scanners, as also recommended in prior research 
(Strauss et al., 2010). Further, the disparity between CT console CTDI data and the 
external dosimetry measurements taken in Chapter 6 highlights the importance of regularly 
checking the accuracy of CT console data, which is often relied upon for participation in 
DRLs. 
 
10.9 Outcomes 
This research has successfully answered the initial research question, and, in doing 
so, has found that the higher level of knowledge of Australian paediatric CT radiographers 
allows them to be more proactive in performing dose intervention and modifying their CT 
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protocols than Saudi Arabian paediatric CT radiographers. Further, this study has dentified 
the specific knowledge base misconceptions that need to be addressed to reduce radiation 
exposure among paediatric patients. This is important, as it was found that there was a 
wide variation in the dose levels delivered by head, chest and abdomen/pelvis CT scans to 
paediatic patients. Finally, it was revealed that in both Australia and Saudi Arabia, 
paediatric CT radiographers have a positive attitude towards dose minimisation. 
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Appendices 
Appendix 3.1 Instructions and Survey Questionnaire 
Paediatric CT radiation dose: 
Understanding and developing a 
standardised protocol for practitioner use 
Aim 
The aim of this survey is to identify the attitude towards and knowledge gaps in paediatric CT radiation dose 
among medical radiation science (MRS) professionals. 
Outcomes 
The survey completed by you would assist in: 
i. Understanding of the current gaps in the medical imaging educational system
ii. Acquiring knowledge and practical requirements
iii. Survey attitude of the MRS practitioners towards the paediatric patients exposed to the CT
radiation.
Your views are important to help shape the current and future practice of MRS professionals in minimising 
CT dose in paediatric patients. 
The significance of this study lies not only in its contribution to the knowledge domain, but also in its 
practical outcomes for MRS practitioners and academic institutions. Data obtained from this survey will 
assist in the design and development of an educational tool to address the identified knowledge gap in 
paediatric CT radiation dose.  
Availability 
The survey will require approximately 15 minutes of your time to complete on paper. Please return the 
survey in the reply paid envelopes enclosed.  
Confidentiality and Findings 
Your responses will be treated strictly in confidence and information provided will not be made available to 
any individual or organisation. All data obtained will be reported only in an aggregate form, so that it will not 
be possible to identify individual responses. The data collected will be stored securely by the researcher for a 
period of 5 years, after which all data will be destroyed, either by shredding (hard copy) or permanently 
deleting (electronic data).  
Results from this survey will be reported via conferences and paper publications as soon as all responses have 
been analysed. 
To obtain an accurate broad range of views, it is important that you send in your response. Your participation 
is highly valued and greatly appreciated.  
It would be greatly appreciated if you could complete the survey by 31 October 2009.Thank you for your 
cooperation. 
Hussain Al-Mohiy, PhD Research Candidate 
Medical Radiations, School of Medical Sciences 
RMIT University, GPO Box 71      
Bundoora, Victoria      
Email: 
  Tel: 
Australia, 3083       Fax + 61 3 9925 7466 
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Section A: Background Information (Please circle the appropriate number) 
1 Gender Female 1 
Male 2 
2 Age group 20–29 1 
30–39 2 
40–49 3 
50–59 4 
60 and above  5 
3.a What is your initial (basic) medical imaging qualification? 
Certificate 1 
Assoc Diploma 2 
Diploma 3 
Degree 4 
Postgraduate Diploma  5 
Master 6 
PhD 7 
Other (Please specify) 
3.b What year did you obtain your basic medical imaging 
qualifications? 
3.c What is your highest academic qualification? 
4 Current status (Please select one) MRS Practitioner 1 
Clinical tutor 2 
Head of MRS Department  3 
Academic 4 
Other(Please specify) 5 
5  Are you currently employed? Full time 1 
 Part time 2 
6.a What basis do you currently work in CT? Full time 1 
Part time 2 
6.b  If part time provide (e.g on rotation for 2 weeks every 2 months) 
Frequency of rotation 1 Once every 3 months 
2 Once every 6 months 
3 Others (please specify) 
Duration of rotation 1 2weeks 
2 4 weeks 
3 Other (please specify) 
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7 How many years have you been practising as a CT radiographer? 
Less than 1 year 1 
1–5 years 2 
6–10 years 3 
11–20 years 4 
More than 20 years 5 
8 Years of experience in paediatric CT: 
Less than 1 year 1 
1–5 years 2 
6–10 years 3 
11–20 years 4 
More than 20 years 5 
 9 Circle your agreement to the following: 
Strongly 
Agree   
Agree Neutral Disagree Strongly 
Disagree 
I enjoy working in paediatric 
imaging 
1 2 3 4 5 
I think paediatric CT is a future 
for me 
1 2 3 4 5 
I am familiar with CT equipment 1 2 3 4 5 
I am confident when working with 
CT 
1 2 3 4 5 
I am accessing  resources (e.g., 
journals, books and websites) to 
improve my knowledge of CT 
1 2 3 4 5 
I want to advance my knowledge 
and skills in paediatric CT 
1 2 3 4 5 
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Section B:  CT Information (Please circle the appropriate number) 
1 How often are the CT scan protocols updated?  
 
 
  
Monthly  1 
 
 
  
Quarterly  2 
 
   
Half-yearly  3 
 
   
Yearly  4 
 
   
Never  5 
 
 
  
Any time  6 
 
 
2 Do the CT scan protocol decisions involve any of the following? (Circle as many as 
appropriate )  
 
 
All Radiologists 5 
      All CT Radiographers      6 
 
 
3 Is this decision evidence-based? 
 
Yes 
No 
1 
2 
  
4 Do you have reject and repeat CT scan analysis 
records? 
 
Yes 1 
 
No 2 
 
5 Does your organisation have a policy to explain to the parent or carer about the 
impact of CT radiation on the paediatric patient?  
  
   Yes 1  
  
   No 2  
6 Does the discussion with parents or carers involve explanation about radiation doses? 
 
  Yes  1  
  No   2  
  Sometimes 3  
7  Is the parent or carer informed about the risk involved in paediatric CT? 
 
  Yes  1  
  No   2  
  Sometimes 3  
8 What percentage of parents or carers do you think understands the radiation risk of 
CT examinations?   
 
  
less than 20%      1  
  
21–40%   2  
  
41–60%   3  
  
61–80%   4  
  
81–100%   5  
 
9.a Do you think the radiation dose for a head CT scan in your department is…? 
          Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
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9.b Do you think the radiation dose for a chest CT scan in your department is…? 
           Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
9.c Do you think the radiation dose for an abdomen/pelvis CT scan in your department 
is…?  
           Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
 
10.a How do you rate the risk to the patient of the CT radiation in paediatric 
examination of the head? 
          Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
10.b How do you rate the risk to the patient of the CT radiation in paediatric 
examination of the chest? 
           Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
10.c How do you rate the risk to the patient of the CT radiation in paediatric 
examination of the abdomen/pelvis? 
           Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
 
11.a Do you undertake dose intervention for paediatric CT? 
  
  
Yes  1 
   
 
 
No 2 
   
   
    
   
11.b If yes, how often      Every time   1 
   
   
 1 in 3     2  
   
   
1 in 5     3  
  
1in10 4  
  
                        Other (Please specify) 5 
 
11.c If no, please provide reasons:    
 
 
 
   
 
 
 
  
 
 
12.a Do you believe that the risk for cancer to the patient is increased because of a 
CT scan? 
 
  
Yes  1 
   
 
No 2 
  
12.b Rate your understanding of the risk of cancer to the patient that results from a 
CT scan: 
          Low                                                     High 
          0    1    2    3    4    5    6    7    8    9    10 
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13 What per cent of paediatric CT scan requests do you think are justified? 
less than 20%   1 
21–40%   2 
41–60%   3 
61–80%   4 
81–100%   5 
14.a How often do you participate in training and education on paediatric CT? 
Monthly  1 
Quarterly  2 
Half-yearly  3 
Yearly  4 
Never   5 
14.b What activities do you participate in? 
In-house training (on-the-job training)   1 
Workshops, seminars and conferences   2 
Self-directed study (e.g., regular reading of journals and books)   3 
Accredited courses conducted by professional associations   4 
Postgraduate award courses conducted by universities   5 
Other (Please specify)   6 
Thank you for participating in this survey. If you want to volunteer for a follow-up interview, 
please indicate your name. 
Please return this questionnaire before 31 October 2009 
If you have any questions concerning this survey, please feel free to contact the researcher: 
Hussain Al Mohiy 
Discipline of Medical Radiation 
School of Medical Sciences  
RMIT University 
PO Box 71 
Phone: 
Fax: +61 3 9925 7466 
Email:  
Bundoora, Victoria  
Australia 3083 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
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Appendix 3.2 CT Scan Protocol Survey 
Paediatric CT radiation dose:  
Understanding and developing a  
standardised protocol for practitioner use 
Aim 
The aim of this survey is to identify the attitude towards and knowledge gaps in paediatric CT 
radiation dose among medical radiation science (MRS) professionals. 
Outcomes 
The survey completed by you would assist in: 
i. Understanding of the current gaps in the medical imaging educational system
ii. Acquiring knowledge and practical requirements
iii. Survey attitude of the MRS practitioners towards the paediatric patients exposed to the
CT radiation.
Your views are important to help shape the current and future practice of MRS professionals in 
minimising CT dose in paediatric patients. 
The significance of this study lies not only in its contribution to the knowledge domain, but also in its 
practical outcomes for MRS practitioners and academic institutions. Data obtained from this survey 
will assist in the design and development of an educational tool to address the identified knowledge 
gap in paediatric CT radiation dose.  
Availability 
The survey will require approximately 15 minutes of your time to complete on paper. Please return the 
survey in the reply paid envelopes enclosed.  
Confidentiality and Findings 
Your responses will be treated strictly in confidence and information provided will not be made 
available to any individual or organisation. All data obtained will be reported only in an aggregate 
form, so that it will not be possible to identify individual responses. The data collected will be stored 
securely by the researcher for a period of 5 years, after which all data will be destroyed, either by 
shredding (hard copy) or permanently deleting (electronic data).  
Results from this survey will be reported via conferences and paper publications as soon as all 
responses have been analysed. 
To obtain an accurate broad range of views, it is important that you send in your response. Your 
participation is highly valued and greatly appreciated.  
It would be greatly appreciated if you could complete the survey by 31 October 2009.Thank you for 
your cooperation. 
Hussain Al-Mohiy, PhD Research Candidate 
Medical Radiations, School of Medical Sciences 
RMIT University, GPO Box 71  Email:  
Bundoora, Victoria      
Australia 3083      
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Section C: 
Survey of routine protocols: This section is to be completed by the CT-in-charge to obtain 
information on the routine protocols used on each scanner for some common indications and 
a standard patient. You are requested to provide five data sets for each of the CT 
examinations in various age groups (range 0–15 years) for three indications: head, chest and 
abdominal/pelvis. Additional information for how to complete this section can be found in 
the yellow pages located behind this survey.  
1 Manufacturer:  Model:  Year Installed: 
2 Examination 
3 Groups Age:  yr  Weight:  kg  Height:  cm 
4 Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name 
of phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for 
multi-slice,  e.g., 4 x 
1mm  
    
10 Scan field of view 
(mm or e.g. 
head/body) 
     
11 Tube voltage (kV) 
12 Time rotation time (s) 
13 Tube current (mA) 
14 Displayed mAs 
(mAs ❑ mAs/slice ❑
effective mAs ❑) 
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)    
17 Total slice number    
18 Axial Scanning / 
Helical Scanning 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:  Model:  Year Installed: 
2 Examination 
3 Groups Age:  yr  Weight:  kg  Height:  cm 
4 Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for 
multi-slice,  e.g., 4 x 
1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s) 
13 Tube current (mA) 
14 Displayed mAs 
(mAs ❑ mAs/slice ❑
effective mAs ❑) 
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)    
17 Total slice number    
18 Axial Scanning / 
Helical Scanning 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
    
260 
1 Manufacturer:  Model:  Year Installed: 
2 Examination 
3 Groups Age:  yr  Weight:  kg  Height:  cm 
4 Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA) 
14 Displayed mAs 
(mAs ❑ mAs/slice ❑
effective mAs ❑) 
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)    
17 Total slice number    
18 Axial Scanning / 
Helical Scanning 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
❑Axial 
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                     Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for 
multi-slice,  e.g., 4 x 
1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                     Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name 
of phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for 
multi-slice,  e.g., 4 x 
1mm  
    
10 Scan field of view   
(mm or e.g. 
head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:  Model:  Year Installed: 
2 Examination 
3 Groups Age:  yr  Weight:  kg  Height:  cm 
4 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA) 
14 Displayed mAs 
(mAs ❑ mAs/slice ❑
effective mAs ❑) 
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)    
17 Total slice number    
18 
Axial Scanning / 
Helical Scanning 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                          Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                          Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                          Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                          Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:  Model:  Year Installed: 
2 Examination 
3 Groups Age:  yr  Weight:  kg  Height:  cm 
4 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
7 Standard sequence 
(routine) or additional in 
response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   (mm 
or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA) 
14 Displayed mAs 
(mAs ❑ mAs/slice ❑
effective mAs ❑) 
15 Auto dose reduction? (Y 
or N) 
❑ Y ❑ N 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)    
17 Total slice number    
18 
Axial Scanning / 
Helical Scanning 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
 
❑Axial 
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                           Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                           Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                           Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm 
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs 
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1 Manufacturer:                             Model:                                           Year Installed: 
2 Examination  
3 Groups  Age:           yr           Weight:           kg           Height:           cm 
4 
 
Routine Protocol 
Survey 
Provide data for each axial or helical scan sequence of the 
examination. 
Sequence 1 Sequence 2 Sequence 3 Sequence 4 
5 
Indicate the usual start 
and end positions with 
lines on each image 
6 Describe anatomical 
range scanned 
    
7 Standard sequence 
(routine) or additional 
in response to initial 
findings (ad-hoc) 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
❑ Routine 
❑ Ad-hoc 
 
8 IV contrast used? 
If yes, indicate name of 
phase 
❑ Y ❑ N 
 
 
❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
9 Nominal beam 
collimation (mm) 
(combination for multi-
slice,  e.g., 4 x 1mm  
    
10 Scan field of view   
(mm or e.g. head/body) 
     
11 Tube voltage (kV)      
12 Time rotation time (s)     
13 Tube current (mA)     
14 Displayed mAs  
(mAs ❑ mAs/slice ❑ 
effective mAs ❑) 
    
15 Auto dose reduction? 
(Y or N) 
❑ Y ❑ N 
 
 ❑ Y ❑ N ❑ Y ❑ N ❑ Y ❑ N 
16 Slice thickness (mm)     
17 Total slice number     
18 
Axial Scanning / 
Helical Scanning 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
 
❑Axial  
❑Helical 
19 Table incr. (mm) 
Pitch 
     
20 Resolution 
    
21 Filter 
    
22 Matrix 
    
23 Dose level 
    
24 Other information 
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1  How often is the CT scan machine serviced? 
Monthly   1 
Quarterly   2 
   Half-yearly   3 
Yearly 4 
Never 5 
When broken 6 
2 Does your CT department have a Quality 
Assurance or Quality Control program? 
Yes 
 No 
1 
2 
Thank you for participating in this survey. If you want to volunteer for a follow-up 
interview, please indicate your name. 
Please return this questionnaire by 31 October 2009 
If you have any questions concerning this survey, please feel free to contact the 
researcher: 
Hussain Al Mohiy 
Discipline of Medical Radiation 
School of Medical Sciences  
RMIT University 
PO Box 71 
Phone:  
Fax: +61 3 9925 7466 
Email:  
Bundoora, Victoria  
Australia 3083 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.   
The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
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Survey Instructions: 
The following information is provided as a guide to assist in completing the forms: 
1. Manufacturer, model and year installed 
Include as much detail on the model as possible since this may affect the scanner dosimetry.   
 2. Examination/indication 
There are separate forms for each exam scanning procedure on different anatomical regions 
and patient groups. It is important that you only provide information on each form in relation 
to the specific examination and indication shown. This will allow subsequent comparison 
with similar data from different centres. 
3. Groups 
 Write the age, weight and height of the patient. 
4. Sequences (1–4) 
Data should be completed for each scanning sequence in the particular examination. If more 
than four sequences are used for an entire examination, additional forms should be used (any 
continuation sheets should be clearly marked and linked to the initial sheet). 
5. Anatomical range diagrams 
Indicate clearly, using straight lines on the images, the start and stop positions for each 
sequence of images. 
 6. Anatomical range 
Describe the range of the scan sequence (e.g., lung base to apices). 
7. Standard protocol sequence or ad-hoc sequence 
Indicate whether the sequence is routinely performed for every patient or only in response to 
findings in a previous sequence. When completing the routine protocol section of the survey, 
include any common (i.e., performed for at least a quarter of patients) additional sequences 
(e.g., following a routine head scan, an additional ad-hoc sequence may be performed using 
a contrast agent if a tumour is suspected from the previous images). 
8. IV contrast 
Indicate if an IV contrast agent is used for the sequence. Indicate which phase of contrast 
enhancement is being imaged (e.g., arterial or venous phase). 
9. Nominal beam collimation 
Indicate the x-ray beam collimation as selected on the console. For single-slice scanners, this 
will usually be the same as the imaged slice width. For multi-slice scanners, indicate the 
number of slices per rotation, as well as the acquired slice width (e.g. 4✕1mm).  
N.B. Ignore any known variation between the displayed value and the actual value used (e.g., 
post-patient collimation). 
10. Scanned field of view 
Indicate the scanned or acquisition field of view (e.g., 50 cm or ‘Body’). 
N.B. This is not the same parameter as the reconstructed field of view, which can be smaller. 
11. Tube voltage 
Indicate the tube voltage used for each sequence scanned.  
12. Tube rotation time 
Indicate the rotation time selected on the scanner console (include partial rotation). 
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13. Tube current 
Indicate the tube current (set mA) used for the sequence. For the protocol survey, indicate 
the set mA for a standard patient. Ignore any dose saving (mA modulation) options that the 
scanner may use. 
14. mAs 
Indicate the displayed mAs used for the sequence. Since different scanners indicate mAs in 
different ways, please tick one box to show which value your scanner displays: mAs, 
mAs/slice or effective mAs. For the protocol survey, indicate the mAs displayed for a 
standard patient. 
15. Auto dose reduction (mA modulation) 
If your scanner has mA modulation, indicate the system used and the average mA as given 
by the scanner, if available. On some models, other information (e.g., maximum mA used) 
may be given. Please indicate the basis for the value you provide. 
16. Imaged slice thickness. 
Indicate the thickness of the slices reconstructed from the data. For some scanners, the 
images may be reconstructed and then fused. The fused thickness should be recorded. 
17. Total slice number.  
The number of slices and sequences. 
18.a Axial or helical scanning 
Axial (or ‘step and shoot’) mode is available on all scanner types. Helical or spiral mode is 
available on all multi-slice scanners and most single-slice units. Indicate the scanning mode 
used for each sequence.  
18. b No. Axial slices/scan length (individual patient survey only) 
For axial mode, indicate the number of slices scanned for each sequence. For helical 
scanning, indicate the range scanned (mm), as indicated by the start and stop positions. 
19. Table increment/ pitch 
For axial scanning, indicate the table increment (in mm) between slices. For helical 
scanning, indicate the pitch if known. On some multi-slice models, the pitch may be assigned 
a name (e.g., HQ or HS mode). 
20. Resolution 
The resolution is standard e.g., 0.75mm standard, 0.75mm bone. 
21. Filter 
For example, brain standard 
22. Matrix 
For example, 512 
23. Dose Level 
For example, CT (mGy) 
24. Other information 
Please add, at the bottom of each form, any relevant comments in support of the data 
provided. 
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Appendix 3.3 CT Protocols Permission 
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Appendix 3.4 Plain Language Statements and Informed Consent 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PROJECT INFORMATION STATEMENT 
Project Title: 
Paediatric CT radiation dose: Understanding and developing a standardised protocol 
for practitioner use. 
Investigators: 
o Mr Hussain Al-Mohiy (Medical Imaging PhD candidate)
o Associate Professor Rob Davidson (Project Supervisor: Head of the Discipline of
Medical Radiations, RMIT University) rob.davidson@rmit.edu.au  (9925 7924)
o Senior Lecturer Jenny Sim (Project Co-supervisor)  jenny.sim@rmit.edu.au (9925 7786)
Dear Participant, 
You are invited to take part in a research study being conducted by Mr Hussain Al-Mohiy (RMIT 
University), Associate Professor Rob Davidson (RMIT University) and Dr Jenny Sim (RMIT 
University).  
Who is involved in this research project? Why is it being conducted? 
This study aims to establish staff attitudes and to evaluate the role of the radiographer in 
reducing the impact of radiation dose in paediatric CT examinations at major CT Paediatrics 
hospitals. It is expected that there will be approximately 150 participants. Findings from this 
study will inform the researchers of the key gaps in knowledge, attitude and resources. This 
will assist in the development of a robust educational model for the CT radiographers, both 
nationally and internationally, to minimise the CT radiation risk to paediatric patients. 
Why have you been approached? 
You have been invited to participate in the study because you are a CT-in-
charge/radiographer at the participating institution.  
What is the project about? What are the questions being addressed? 
Main research question: 
Does Saudi Arabian and Australian radiographers’ knowledge about and attitude towards 
computed tomography dose affect the selection of clinical paediatric computed tomography 
protocols? 
The following sub-research questions will assist in addressing the main research question: 
1) What are the current CT scan protocols adopted in paediatric hospitals in   Australia and
Saudi Arabia?
2) What is the typical patient radiation dose in paediatric CT imaging?
3) What are the workplace culture, current knowledge and attitude of radiographers towards
CT dose in paediatric imaging?
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4) Does increased understanding of CT dose in paediatric imaging change the clinical 
practice of CT radiographers in their selection of CT protocols? 
 
If I agree to participate, what will I be required to do? 
There are two ways in which you can contribute to this study. The first stage of this research 
consists of a survey, which aims to establish staff members’ attitudes towards paediatric 
radiation dose and other factors in reducing the radiation risk to paediatric patients (section 
A–B). CTs-in-charge are requested to complete section A–C. We would be most grateful if 
you could put aside approximately 15 minutes to complete the survey. Although the 
individual response will be anonymous, it is necessary to code the survey to identify the 
clinical centre in which the respondents are working. This information is necessary so that 
the researcher can link the survey data to the protocols and clinical practice adopted in a 
particular workplace. This will also enable the researcher to interpret subsequent clinical 
workplace changes that may occur because of the educational intervention. Please send 
completed survey to the investigator in the return addressed envelope enclosed. The return of 
your survey is considered consent to participate in this research project.  
The second part of the study consists of an interview. Participants are asked in the survey to 
express their interest in participating in the interview. Interviews will be conducted on site by 
the principal researcher, Mr Hussain Al-Mohiy (from RMIT University). 
 
What are the risks or disadvantages associated with participation? 
You as an interviewee will be known to the investigators and possibly identified by your 
work colleagues. The study protects the identity and ensures confidentiality in all matters 
related to your participation. If any issue that concerns you arises, you can exercise your 
right to withdraw from participation in the study.   
 
What are the benefits associated with participation? 
• This research will: 
1. Provide a significant contribution to the body of knowledge in the clinical field 
of CT. In particular, it will provide an understanding of the impact of 
radiographers’ knowledge and perception on the use of paediatric CT.  
2. Lead to a possible reduction in paediatric CT dose.  
3. Affect the level of radiographers’ understanding of radiation dose as delivered 
to children undergoing CT scans.  
4. Potentially reduce the harmful effects on children from overexposure to CT.  
5. Be widely published and reported in international literature. 
 
What will happen to the information I provide? 
Your survey responses will be confidential. All data obtained will be reported only in an 
aggregated form so that it will not be possible to identify individual responses. A coding 
system will be assigned to interviewees, so that if direct quotes are used, it will not be 
possible to identify the interviewee concerned. Please note that to facilitate accurate 
transcribing, the interview session (30–45 mins) will be audiotaped. However, should you 
wish to participate in the interview, but not wish to be audiotaped or quoted, you can indicate 
this to the researcher. The researcher will write interview notes. You can withdraw at any 
time from the study and any unprocessed data will be excluded. CT radiographers interested 
in participating in the interview will need to sign a consent form agreeing to be interviewed. 
The interviews will be conducted in private at a flexible time chosen by the participant. You 
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as an interviewee will be known to the investigators and possibly identified by your work 
colleagues. The participants’ identities and interview outcomes will be protected by the 
interviewer. The interview will be conducted in the interview room. 
Data collected will be securely stored by the researcher for a 5-year period, after which all 
data will be destroyed.  
As part of reporting to the professional community, upon completion of the study, a copy of 
the report will be made available to all staff of the department. The dissemination of research 
findings will also take place via peer-reviewed publications, seminars and conference 
presentations. Your participation will contribute towards the development of an educational 
module for CT radiographers. We look forward to your participation in the survey/and 
interview and thank you in advance for taking part in this important research. 
What are my rights as a participant? 
• If you have any questions, you are more than welcome to talk to one of the
researchers.
• There are no obligations in this research: you can withdraw at any time.
• Further, you have the right to have any unprocessed data withdrawn and destroyed.
Whom should I contact if I have any questions? 
You can contact me (the principal researcher) or one of my two supervisors via telephone or 
email.  
Primary supervisor: Assc. Prof. Rob Davidson, Phone: +(61 3) 9925 7942 
Co-supervisor: Jenny Sim, Phone: +(61 3) 9925 7786      
What other issues should I be aware of before deciding whether to participate? 
At this time, there are no other issues that we can recommend you to consider before 
deciding to participate in this research.  
Thank you 
Yours sincerely 
Name: Hussain Al Mohiy
(Principal Investigator) 
Name: Assoc. Prof. Rob Davidson
(Signature of Senior Supervisor) 
Name: Senior Lecturer Jenny Sim 
(Signature of Secondary supervisor if applicable) 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.    
Details of the complaints procedure are available at: http://www.rmit.edu.au/research/hrec_complaints 
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Appendix 3.5 Invitation to Participate in Interview 
Dear Participant, 
Thank you for taking the time to fill out the survey questionnaire. We would now like to 
invite you to participate in a short interview (30–45 mins) as part of this research. This interview is 
designed to give an understanding of the key impact factors associated with paediatric CT radiation 
dose. 
Your participation is important for the outcome of this study and it will contribute to the 
knowledge base on paediatric CT dose issues. We assure you of the confidentiality of the interview 
outcomes.  
If you agree to participate in this interview process, please express your interest to the 
principal researcher via the following contact details: 
Mr Hussain Al-Mohiy 
Email:  
Mobile: 
Yours sincerely 
Mr Hussain Al-Mohiy (RMIT University),  
Professor Rob Davidson (RMIT University) and 
Associate Prof. Jenny Sim (RMIT University) 
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Appendix 3.6 RMIT Ethics Approval 
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Appendix 3.7 Ministry of Health (Saudi Arabia) Ethics Approval 
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Appendix 4.1 Protocols Collected from Hospitals 
ABDOMEN/PELVIS (0–2 years)
Country 
code Model 
Collimation 
of multi-slice 
Scan field 
of view  
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
effective mAs 
Auto dose 
reduction 
Slice thickness 
(mm) 
 Total no. 
of Slices 
Table incr. 
(mm) Pitch Dose level 
S.2.A.12 8 130 100 Yes 
S.4.A.12 8 6 x 1 131 130 1.5 100 18 Yes 5 6.8 2.38 
6 x 1 131 130 1.5 100 17 Yes 5 6.8 2.31 
S.4.A.13 8 6 x 2 127 130 1.5 100 15 Yes 6 18 1.3 
6 x 2 127 130 1.5 100 14 Yes 6 18 1.69 
S.4.A.15 8 3 x 1 111 110 1.5 40 Yes 3 3 3.48 
3 x 1 111 110 1.5 40 Yes 3 3 3.4 
S.5.A.11 8 Large  Body  120 0.5 200 Yes 0.8 
S.6.A.11 4 2 x 5 270 120 2.5 200 No 5 81 5 
S.6.A.12 4 2 x 5 270 120 2.5 200 No 5 81 5 
S.6.A.13 4 2 x 5 270 120 2.5 200 No 5 81 5 
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CHEST (0–2 years) 
Country  
code Model 
Collimation of 
multi-slice 
Scan field 
of view  
Tube 
voltage 
Tube rotation 
time(s) 
Tube current 
(mA) 
Displayed 
mAs: mAs 
Auto dose 
reduction 
Slice thickness 
(mm) 
Total no. of 
Slices 
Table incr. 
(mm) Pitch Dose level 
A.2.A.6  64 64 x 0.625           155 120 0.5 51 25 No 0.9 319 0.45 0.61 30.2 
  64 x 0.625           155 120 0.5 140 70 No 0.625 6   4.5 
                            
A.2.A.7  64 64 x 0.625           143 120 0.5 50 70 No 0.9 252  0.36 69.9 
  2 x 0.625            137 120 0.5 140 70 No 0.625 12  10 9.6 
                            
A.2.A.9  64 64 x 0.625           140 120 0.5 31 25 Yes 0.9 275 0.45 0.61 27.3 
                            
A.7.B.8  16                               100  40  No      
  4 x 1                240 100 0.5 20 10 No 4 1   0.8 
  4 x 1                240 100 0.5 20 10 No 4 1   0.8 
  1 x 16               240 100 0.5 40 20 Yes 5 44 11  86.2 
                            
S.2.A.5  8                      Small      180        
S.2.A.6  2                      Small    130  180  Yes  34    
S.2.A.7  1                      Small    130  180  Yes  34    
                            
S.4.A.7  8 6 x 1                166 130 1.25  16 Yes 3  5.3  2.15 
S.4.A.10 8 3 x 1                138 130 1.25   Yes 3  3  1.91 
                            
S.7.A.6  1                      380 110  225  Yes 5 27 5  2.95 
   380 110  225  Yes 5 27 5  2.95 
                            
S.8.A.6  4                      Body     120 3.6 200  No 5  5   
S.8.A.7  4                      Body     120 3.6 200  No 5 62 5   
S.8.A.8  4                      Body     120 3.6 200  No 5 62 5   
S.8.A.10 4                      Body     120 3.6 200  No 5 62 5   
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HEAD (0–2 years) 
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed  
mAs 
Displayed  
mAs/slice 
Displayed  
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.3  16 12 x 1.5          300 120 0.75    99 Yes 1.5 32 18  18.63 
A.1.A.4  16 12 x 1.5            300 120 0.75    91 Yes 1.5 28 18  17.57 
                                
A.2.A.1  64 64 x 0.625          191 120 0.75 96 200   No 1  0.5 0.36 437.5 
A.2.A.2  64 64 x 0.625      200 120 0.75 96 200   No 1 260 0.5 0.36 427.2 
                                
A.5.B.1  64 40 x 0.625          250 120 0.75 180  200  No 5 25  0.675 27.3 
  40 x 0.625          250 120 0.75 180   200 No 5 25  0.675 27.3 
                                
A.5.B.2  64 40 x 0.625          250 120 0.5 270  200  No 5 28  0.675 27.3 
  40 x 0.625          250 120 0.5 270  200  No 5 28  0.675 27.3 
                                
S.1.A.2  64 4 x 5                       120 1 150    No 5 16 10   
  2 x 4               180 120 0.5 40 20   No 8 1   3.8 
  4 x 4                120 1     No 16 6   36.9 
                                
S.2.A.1  8                     Small  130 1.55  130   No 3 21    
    130 1.55  130   No 3 21    
    130 1.55  130   No 3 21    
    130 1.55  130   No 3 21    
                                
S.2.A.2  8                     Small  130   260    8 14    
    130   260    8 14    
    130   260    8 14    
    130   260    8 14    
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Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed  
mAs 
Displayed  
mAs/slice 
Displayed  
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
S.2.A.4  8            Small   130 1.55  180   No      
    130 1.55  180   No      
    130 1.55  180   No 130 1.55 180   
                
S.4.A.4  8 6 x 3               Head    110 1  250   Yes 6 8 18  61.5 
S.4.A.5  8 2 x 5               157 110 1  170   Yes 5 12 10  66.6 
                                
S.5.A.1  8                     Head   160 1 180    No 5 18 5   
   Head    160 1 180    No 5 18 5   
S.5.A.2  8 Small               Head    140 1 160    Yes 5 16 5   
   Head    140 1 160    No 5 18 5   
                                
S.6.A.1  2 2 x 5               250 120 1 250   40 No 5 22 5   
S.6.A.2  2 2 x 5               250 120 1 200    No 5 20 5   
S.6.A.3  2 2 x 5               250 120 1 250   40 No 5 21 5   
S.6.A.6  2 2 x 5               250 120 1 200    No 5  5   
  2 x 3               250 120 1 200    No 3  3   
S.6.A.7  2 2 x 5               350 120 1 200    No 5 11 5   
  2 x 2               350 120 1 200    No 2 22 5    
  2 x 7               350 120 1 200    No 7 6 5   
                                
S.7.A.1  1                     186 110 1.5 180     5 23 5  32.94 
   Head    110 1.5 180     5 23 5  32.94 
S.7.A.3  1                     170 130 1.5 225     5 24 5  59.85 
   170 130 1.5 225     5 27 5  59.85 
                                
S.8.A.1  4 2 x 5               Head    120  200    No 5 35 5   
S.8.A.2  4 2 x 5               Head    120  200    No 5 35 5   
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ABDOMEN/PELVIS (3–6 years) 
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed  
mAs 
Displayed  
mAs/slice 
Displayed  
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.11 16 16 x 1.5             500 100 0.5    24 Yes 2   1 1.08 
A.1.A.12 16 16 x 1.5             500 80 0.5    65 Yes 2   1.25 1.44 
                                
A.7.B.12 16                               120  40    No      
  6 X 1                180 80 0.5 20 10   No 6 1   0.5 
  1 x 16               180 80 0.5 40    Yes 5 19 11  29.4 
  1 x 16               180 80 0.5 45    Yes 5  11  29.4 
                                
A.7.B.13 16                               100  40    No      
  4 x 1                240 100 0.5 20    No 4 1   0.8 
  1 x 16               240 100 0.5 20    Yes 5 54 15  102.9 
  16 x 4               180 100 0.5 50 25   No 6 1   12.7 
                                
S.5.A.12 8 Large                Body     120 0.5 150    Yes 5   0.8  
S.5.A.14 8 Large                Body     120 0.5 150    Yes 5 28  0.8  
  Large                Body     120 0.5 150    Yes 5 28  0.8  
                                
S.6.A.12 2 2 x 3                254 120 1.5 200    No 7 25 5   
  2 x 5                300 120 1 200    No 7 25 7   
                                
S.6.A.14 4 2 x 5                270 120 2.5 200    No 5 81 5   
                                
S.7.A.12 1                      221 130 120      8 31 5  17.58 
   201 110 140      5 49 5  13.58 
   201 110 140      5 27 5  15.58 
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CHEST (3–6 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.6 16 16 x 1.5      500 80 0.5 77 Yes 2 1 1.69 
A.2.A.8 64 64 x 0.625 228 120 0.5 81 25 No 0.9 444 0.61 38.3 
2 x 0.625  219 120 0.5 140 70 No 0.625 6 37 44 
A.7.B.9  16 100 40 No 
4 x 1 240 100 0.5 20 10 No 4 1 0.8 
4 x 1 240 100 0.5 20 10 No 4 1 0.8 
1 x 16  240 100 0.5 90 45 Yes 5 43 15 115.3 
S.2.A.9  8 Small  130 180 80 Yes 34 
S.7.A.7  1 380 110 225 Yes 5 36 5 2.46 
380 110 225 Yes 5 36 5 2.46 
S.8.A.9  4 Body  120 3.6 200 No 5 62 5 
 290  
HEAD (3–6 years) 
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed  
mAs 
Displayed  
mAs/slice 
Displayed  
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.1  16 12 x 1.5             300 120 0.75    144 Yes 1.5 32 18  27.79 
                                
A.2.A.3  64 64 x 0.625          208 120 0.75 94 200   No 1 266 0.5 0.36 434 
                                
A.2.A.5  64 64 x 0.625          193 120 0.5 92 45   No 0.9 399 0.45 0.36 120.2 
                                
A.7.B.2  16                      180 120  25    No      
  4 x 1                180 120 0.5 30    No 4 1   1.7 
  1 x 16               180 120  150    No 5 26 11  324.9 
                                
S.4.A.2  8 6 x 3                Head     130 1.5 300    Yes 6.5 15   62.27 
S.4.A.3  8 2 x 5                Head     130 1 170    Yes 5 12 515  66.6 
                                
S.7.A.4  1                      200 130 1.5 225     5 25 5  59.85 
   170 130 1.5 225     5 27 5  59.85 
                                
S.7.A.5  1                      216 130 1.5 225     5 27 5  59.85 
   216 130 1.5 225     5 27 5  59.85 
                                
S.8.A.4  4 2 x 5                Head     120  230    No 5 35 5   
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ABDOMEN/PELVIS (7–12 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.13 16 16 x 1.5      500 80 0.5 60 Yes 2 1.25 1.34 
A.1.A.14 16 16 x 1.5  500 80 0.5 134 Yes 2 1.25 9.38 
A.1.A.15 16 16 x 1.5  500 80 0.5 94 Yes 2 1.25 6.61 
A.2.A.11 64 64 x 0.625 277 120 0.75 138 160 Yes 1.4 514 0.7 0.64 323 
A.2.A.12 64 64 x 0.625 236 120 0.5 167 130 Yes 1.4 471 0.7 0.64 241 
A.2.A.13 64 64 x 0.625 277 120 0.75 128 150 Yes 1.4 447 0.7 0.64 284.3 
A.2.A.14 64 64 x 0.625 262 120 0.75 128 150 Yes 1.4 505 0.7 0.64 280.5 
A.7.B.11 16 80 40 No 
4 x 1 240 80 0.5 20 10 No 4 1 0.4 
4 x 1 240 80 0.5 40 Yes 5 42 11 62.3 
6 X 4  240 0.5 60 30 No 6 1 5.4 
S.3.A.11 1 4 x 1 Body  120 0.75 180 280 No 
4 x 1 Body  120 0.75 180 280 No 
S.4.A.11 8 8 x 1 256 130 1.5 100 25 Yes 8 8.66 3.37 
8 x 1 256 130 1.5 100 25 Yes 10.7 8.66 3.46 
S.6.A.13 2 2 x 3 400 120 1.5 200 No 5 25 5 
2 x 5 400 120 1 200 No 5 30 5 
S.7.A.13 1 262 130 120 8 41 8 17.28 
262 110 140 8 21 5 13.58 
262 110 140 5 22 5 13.58 
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CHEST (7–12 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.7 16 16 x 1.5      500 100 0.5 106 Yes 2 1 4.77 
16 x 1.5  500 100 0.5 106 Yes 2 1 4.7 
A.1.A.10 16 16 x 1.5  500 120 0.5 160 Yes 2 1 11.2 
A.1.A.8 16 16 x 1.5  500 100 0.5 135 Yes 2 1 6.08 
A.2.A.10 64 64 x 0.625 219 120 0.5 31 25 No 0.9 322 0.61 42 
64 x 0.625 208 120 0.5 140 70 No 6 40 4.3 
A.7.B.6  16 120 50 No 
4 x 1 320 120 0.5 40 20 No 4 1.1 
1 x 16  320 120 0.5 40 Yes 7 40 15 80.8 
1 x 16  320 120 0.5 40 20 Yes 7 29 15 59.1 
A.7.B.7  16 80 40 No 
4 x 1 240 80 0.5 20 10 No 4 1 0.4 
4 x 1 240 80 0.5 20 10 No 4 1 0.4 
1 x 16  240 80 0.5 40 50 No 5 36 11 56.8 
S.2.A.10 8 130 1.55 180 80 31 
130 1.55 180 80 31 
S.3.A.6  1 4 x 1 Body  120 0.75 150 250 No 
4 x 1 Body  120 0.75 150 250 No 
S.4.A.6  8 6 x 2 136 130 1.25 17 Yes 5 10 1.98 
6 x 2 142 130 1.25 12 Yes 5 10 1.42 
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Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
S.4.A.9  8 3 x 1      164 130 1.25 23 Yes 3 3 3.14 
S.5.A.6  8 Large  Body  120 0.5 130 Yes 5 21 5 
Large  Body  120 0.5 130 No 5 21 5 
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HEAD (7–12 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.2 16 12 x 1.5      300 120 168 Yes 1.5 28 18 29.91 
A.2.A.4 64 64 x 0.625 225 120 0.75 96 200 No 1 296 0.5 0.36 462.8 
A.5.B.3  64 40 x 0.625 250 120 0.75 209 250 No 5 30 0.63 34.1 
40 x 0.625 250 120 0.75 209 250 No 5 30 0.68 43.6 
S.2.A.3  8 Small  130 20 110 3 
20cm  130 20 110 3 
20cm  130 20 110 3 
20cm  130 20 110 3 
S.3.A.1  1 4 x 1 Head 120 1.55 180 Yes 5 
4 x 1 Head 120 1.55 180 Yes 5 
S.5.A.3  8 Head 160 1 160 Yes 5 19 5 
Head 160 1 180 No 5 18 5 
S.5.A.4  8 Head 180 1 160 Yes 5 19 5 
S.6.A.4  2 2 x 5 250 120 1 250 No 5 21 5 
S.6.A.8  2 2 x 5 400 120 1 210 No 5 10 5 
2 x 3 400 120 1 210 No 3 30 5 
2 x 7 400 120 1 210 No 7 6 5 
S.7.A.2  1 220 130 1.5 260 5 27 5 69.03 
220 130 1.5 260 5 27 5 69.03 
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ABDOMEN/PELVIS (13–15 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.2.A.15 64 64 x 0.625      381 120 0.75 342 400 Yes 1.4 628 0.7 0.641 666.5 
S.4.A.14 8 10 x 3  263 130 1.5 39 Yes 8 8 4.2 
10 x 3  263 130 1.5 39 Yes 10 10 4.2 
S.5.A.13 8 Large  Body  120 0.5 150 Yes 5 0.8 
Large  Body  120 0.5 150 Yes 5 0.8 
S.6.A.11 2 2 x 3 300 120 1.5 200 No 5 30 5 
2 x 5 300 120 1 200 No 5 30 3 
S.6.A.15 4 2 x 5 270 120 2.5 200 No 5 81 5 
S.7.A.14 1 380 130 120 8 51 8 11.52 
380 110 140 8 30 8 9.05 
380 110 140 5 5 13.58 
380 110 140 5 5 13.58 
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CHEST (13–15 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.9 16 16 x 1.5      500 120 0.5 70 Yes 2 1 8.33 
S.4.A.8  8 5 x 2 246 130 1.25 70 Yes 5 5 8.16 
5 x 2 246 130 1.25 70 Yes 5 5 8.09 
S.5.A.9  8 Large  Body  120 0.5 130 Yes 5 25 5 
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HEAD (13–15 years)
Country  
code Model 
Collimation 
of multi-slice 
Scan 
field of 
view 
Tube 
voltage 
Tube 
rotation 
time(s) 
Tube 
current 
(mA) 
Displayed 
mAs 
Displayed 
mAs/slice 
Displayed 
effective 
mAs 
Auto dose 
reduction 
Slice 
thickness 
(mm) 
Total no. 
of Slices 
Table incr. 
(mm) Pitch 
Dose 
level 
A.1.A.5 16 12 x 1.5      300 120 0.75 259 Yes 1.5 32 18 49.82 
A.5.B.4  64 40 x 0.625 250 120 0.75 288 320 No 5 29 0.625 43.6 
40 x 0.625 250 120 0.75 288 320 No 5 29 0.625 43.6 
S.1.A.1  64 4 x 5 Head 140 2 160 5 30 10 
S.8.A.5  4 2 x 5 Head 120 230 No 5 35 5 
298 
Appendix 5.1 Dosimetry Record Chart 
Hospital Name: Age Group:  3–6 years Hospital Code: 
Examination 
CT 
Manufacturer 
& year of 
installation 
CT 
Model 
CT 
Scan Parameters 
Dosimetry 
Reading 
Data from CT 
Console 
CT 
Unit 
(CTDI) 
DLP for 
10cm 
HEAD 
kV 
1 mA 
Rotation 
time(s) 
2 
Slice 
thickness 
3 Pitch 
CHEST 
kV 
1 mA 
Rotation 
time(s) 
2 
Slice 
thickness 
3 Pitch 
ABDOMEN/
PELVIS 
kV 
1 mA 
Rotation 
time(s) 
2 
Slice 
thickness 
3 Pitch 
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Appendix 7.1 Interview questionnaire for Saudi Arabia 
Interview No: ……………………... Date ……………………. Interviewee’s title: ……………… 
Interviewee’s name: …………………………………………………………………………………… 
Country: ………………………………………… Hospital: ……………………................................. 
Interviewee’s start time: …………………………… Finish time: ………………………………….. 
Section A: CT Paediatric Radiographer 
A.1 How did you get your current position in paediatric CT? 
A.2 What CT education did you have prior to joining the CT section? 
A.3 Did you have any prior experience of paediatric CT prior to joining this department? Is 
your qualification in paediatric CT necessary for the job? 
A.4 In your opinion, what is it about paediatric CT that sets it apart from CT imaging in 
general?  
A.5 Do you see yourself remaining in paediatric CT or would you be moving into other 
modalities in the foreseeable future? Why? 
Section B: CT Protocols (dose intervention) 
B.1 Does your department perform Quality Assurance? 
If yes, how …………………………………………………………………………………………. 
If no, why not ……………………………………………………………………………………… 
B.2 How are CT protocols established? 
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B.3. What is your department’s practice in terms of modifying CT protocols for individual 
cases? When? How? 
B4. Does your CT department allow CT radiographers to change/modify CT parameters? 
If yes, give an example: 
If no, why? 
B.5 On what basis do you select a CT protocol? 
Experience Confidence Colleagues CT parameters
 B.6.A What other factors determine your protocol selection? 
 B.6.B Can you give an example? 
 B.7 Do you ever reject and repeat CT scan analysis records? Why? 
Section C: Understanding of CT Dose 
C.1 Dose in CT  
C1.1 Do you think the radiation dose for a head CT scan in your department is? 
 Low  High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C1.2 Do you think the radiation dose for a chest CT scan in your department is? 
 Low                                                      High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
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C1.3 Do you think the radiation dose for an Abdomen/Pelvis CT scan in your department is? 
 Low                                                      High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C.2 Risk from Dose in CT 
C2.1 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
head in your department? 
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C2.2 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
chest in your department? 
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
D2.3 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
Abdomen/Pelvis in your department?  
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C2.4 Do you believe that the patient’s cancer risk is increased because of a CT scan? 
C2.4 What action does your department adopt in the event that a dose error is detected? 
302 
Section D: CT Dose Intervention 
D.1 What is your understanding of CT dose intervention? 
D.1.1 Do you practise CT dose intervention? When? Why? How Often? 
For example: 
D.2 What is your attitude towards dose intervention? 
D.3 Does your department have a process in place for dose intervention? 
B.4 Is there a procedure in place for selecting a different scan protocol for a repeat CT? 
Yes   No
If yes, please explain: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
Section E: Continuous Education/Training  
E.1 Do you regularly attend paediatric workshops, seminars, home study, online courses or 
conferences? 
E.2 Have you completed any additional courses in: 
 Paediatric CT  General CT
Please give details: 
E.3 Have you attended training in radiation protection? 
 If yes, please give details: 
E.4 What is your department’s policy on Continuous Professional Development? Specifically, 
are you encouraged to attend courses, and is financial support offered? 
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Section F: Perceptions 
What is your perception of the radiation dose level in your department? (See graphs A, B & C) 
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Section G: Additional Comments 
G.1 Would you like to make any other comments about the issues discussed in this 
interview? 
Thank you for participating in this interview 
 Any complaints about your participation in this project may be directed to the Executive Officer, RMIT Human 
Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001.   
The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
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Appendix 7.2 Interview questionnaire for Australia 
Interview No: ……………………... Date ……………………. Interviewee’s title: ……………… 
Interviewee’s name: …………………………………………………………………………………… 
Country: ………………………………………… Hospital: ……………………................................. 
Interviewee’s start time: …………………………… Finish time: ………………………………….. 
Section A: CT Paediatric Radiographer 
A.1 How did you get your current position in paediatric CT? 
A.2 What CT education did you have prior to joining the CT section? 
A.3 Did you have any prior experience of paediatric CT prior to joining this department? Is 
your qualification in paediatric CT necessary for the job? 
A.4 In your opinion, what is it about paediatric CT that sets it apart from CT imaging in 
general?  
A.5 Do you see yourself remaining in paediatric CT or would you be moving into other 
modalities in the foreseeable future? Why? 
Section B: CT Protocols (dose intervention) 
B.1 Does your department perform Quality Assurance? 
If yes, how …………………………………………………………………………………………. 
If no, why not ……………………………………………………………………………………… 
B.2 How are CT protocols established? 
306 
B.3. What is your department’s practice in terms of modifying CT protocols for individual 
cases? When? How? 
B4. Does your CT department allow CT radiographers to change/modify CT parameters? 
If yes, give an example: 
If no, why? 
B.5 On what basis do you select a CT protocol? 
Experience Confidence Colleagues CT parameters
 B.6.A What other factors determine your protocol selection? 
 B.6.B Can you give an example? 
 B.7 Do you ever reject and repeat CT scan analysis records? Why? 
Section C: Understanding of CT Dose 
C.1 Dose in CT  
C1.1 Do you think the radiation dose for a head CT scan in your department is? 
 Low  High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C1.2 Do you think the radiation dose for a chest CT scan in your department is? 
 Low                                                      High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
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C1.3 Do you think the radiation dose for an Abdomen/Pelvis CT scan in your department is? 
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C.2 Risk from Dose in CT 
C2.1 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
head in your department? 
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C2.2 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
chest in your department? 
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
D2.3 How do you rate the risk to the patient of CT radiation in paediatric examination of the 
Abdomen/Pelvis in your department?  
 Low                                                     High 
 0  1  2  3  4  5  6  7  8  9  10 
Please explain your answer: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
C2.4 Do you believe that the patient’s cancer risk is increased because of a CT scan? 
C2.4 What action does your department adopt in the event that a dose error is detected? 
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Section D: CT Dose Intervention 
D.1 What is your understanding of CT dose intervention? 
D.1.1 Do you practise CT dose intervention? When? Why? How Often? 
For example: 
D.2 What is your attitude towards dose intervention? 
D.3 Does your department have a process in place for dose intervention? 
B.4 Is there a procedure in place for selecting a different scan protocol for a repeat CT? 
Yes   No
If yes, please explain: 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
Section E: Continuous Education/Training  
E.1 Do you regularly attend paediatric workshops, seminars, home study, online courses or 
conferences? 
E.2 Have you completed any additional courses in: 
 Paediatric CT  General CT
Please give details: 
E.3 Have you attended training in radiation protection? 
 If yes, please give details: 
E.4 What is your department’s policy on Continuous Professional Development? Specifically, 
are you encouraged to attend courses, and is financial support offered? 
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Section F: Perceptions 
What is your perception of the radiation dose level in your department? (See graphs A, B & C) 
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Section G: Additional Comments 
G.1 Would you like to make any other comments about the issues discussed in this 
interview? 
Thank you for participating in this interview 
 Any complaints about your participation in this project may be directed to the Executive Officer, RMIT Human 
Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001.   
The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
Distribution of ABD/PELVIS Dosimetry 
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Appendix 7.3 Interview Timetable 
AUSTRALIA 
Radiographer 
Code Position State 
Interview 
Phone Face to Face Start & End Time 
A1 CT-in-charge VIC Start=3.15pm End=4.00pm 
10/12/2010 
A4 CORE team 
radiographer 
QLD Start=3.30pm End=4.17pm 
29/11/2010 
A4 CT-in-charge QLD Start=3.15pm End=3.58pm 
07/12/2010 
A5 Unit manager 
CT 
QLD Start=4.00pm End=4.43pm 
15/12/2010 
A2 Supervisor 
MRI & CT 
WA Start=1.20pm End=2.10pm 
11/11/2010 
A2 Senior 
radiographer 
WA Start=4.12pm End=4.39pm 
19/11/2010 
A2 Senior 
radiographer 
WA Start=12.30pm End=1.16pm 
19/11/2010 
A7 Radiographer ACT Start=2.52pm End=3.25pm 
16/12/2010 
A3 Senior 
radiographer 
SA Start=1.30pm End=2.10pm 
17/12/2010 
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SAUDI ARABIA 
Radiographer 
Code Position Region 
Interview 
Phone Face to Face Start & End Time 
B3 CT 
radiographer 
East Start=10.10am End=11.00am 
28/12/2010 
B3 CT senior 
radiographer 
East Start=12.00pm End=12.45pm 
28/12/2010 
B4 CT senior 
radiographer 
East Start=1.20pm End=2.00pm 
25/12/2010 
B4 CT 
radiographer 
East Start=10.45am End=11.25am 
25/12/2010 
B7 CT 
radiographer 
West Start=2.30pm End=3.10pm 
1/1/2011 
B5 CT 
radiographer 
West Start=2.30 End=3.10pm 3/1/2011 
B5 CT 
radiographer 
West Start=1.15pm End=1.55pm 
3/1/2011 
B6 CT 
technologist 
West Start=2.00pm End=2.35pm 
5/1/2011 
B1 CT senior- 
supervisor 
Central Start=12.15 End=12.50pm 
10/1/2011 
B2 CT 
technologist 
Central Start=3.30pm End=4.10pm 
9/1/2011 
B8 CT 
radiographer 
South Start=2.25pm End=3.10pm 
17/1/2011 
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Appendix 7.4 Interview Consent Form 
Prescribed Consent Form for Persons Participating In Research Projects 
Involving Interviews, Questionnaires or Disclosure of Personal Information 
Portfolio  Science Engineer and Health College 
School of Medical Sciences   
Name of participant: 
Project Title: Paediatric CT radiation dose: 
Understanding and developing a standardised protocol for 
practitioner use 
Name(s) of investigators: (1) Hussain Al Mohiy Phone: 
(2) Prof. Rob Davidson Phone: 
(3) Dr. Jenny Sim Phone: 
1. I have received a statement explaining the interview/questionnaire involved in this project. 
2. I consent to participate in the above project, the particulars of which—including details of the interviews or 
questionnaires—have been explained to me. 
3. I authorise the investigator or his or her assistant to interview me or administer a questionnaire. 
4. I acknowledge that: 
(a) Having read the plain language statement, I agree to the general purpose, methods and demands of the 
study. 
(b) I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data previously supplied. 
(c) The project is for the purpose of research and/or teaching. It may not be of direct benefit to me. 
(d) The privacy of the personal information I provide will be safeguarded and only disclosed where I have 
consented to the disclosure or as required by law.   
(e) The security of the research data is assured during and after completion of the study. The data collected 
during the study may be published, and a report of the project outcomes will be provided to Associate 
Prof Rob Davidson. Any information that will identify me will not be used. 
Participant’s Consent 
Participant: Date:
(Signature) 
Should you have any queries or wish to seek further information, please contact Mr Hussain 
AlMohiy s3218856@student.rmit.edu.au or Prof. Rob Davidson rob.davidson@rmit.edu.au  (9925 
7924) or Dr. J. Sim jenny.sim@rmit.edu.au (9925 7786). This project has received Ethics approval 
from RMIT Ethics Committee. 
Participants should be given a photocopy of this consent form after it has been signed. 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
